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SOME COMMON INDIAN BIRDS. 

No. 1. TFIE INDIAN ROLLER {COR. WIAS INDICA). 


BY 

T. BAINBRIGGK FLETCHER, R.N., F.L.S.. F.E.S., F.Z.S., 

Imjicrial Enlom)hgist, 

AXl) 

C. M. INGLIS, M.B.O.U. 

[The iiuf)oiliiu(.‘o <>f luiuiy common birds to ngriculture in India 
is adiirit.tcdlv very great. Some birds are wholly or partially grami¬ 
nivorous and do a great deal of damage to crops, whilst others feed 
wholly or partly ou ius(‘etsandare in mo.st cases beneficial by helpiirg 
to reduce damage caused by insect pests. Many years ago I sug¬ 
gested that the recognition of the more important birds, from the 
agricultural view-point, might be Indped by the issue of a series 
of coloured plates of such lords, but tdie ditliciilty has been to 
get .such plates drawn, as work of this sort re(piires an artist who 
is also an ornithologist. ; otherwis(‘, the work jnoduced is unnatural. 
We have therefore been fortunate in securing the services of Mr. 
C. M, Jnglis to ])rovide coloured illustrations of about two dozen 
of our commoner birds. The present ])aper will, it is hoped, be 
followed at reguhir intervals by others in the same series.—T. B. F.] 

The Indian Roller or Blue Jay {Coracias indica) is one of the 
btfds of the Plains which must have brought itself to the notice of 
' ’ ( 1 ) 
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all ii ir erely on accoimt of its vivid colouring, which has been aptly 
descrilad as a study in Oxford and Cambridge blue. Although 
comm(inly called a jay, this bird is more nearly allied to the bee- 
eateis and kingfishers, its relationship to the latter group being 
evidenced, as recorded by Gordon Dalgliesh, by the fact that it has 
been seen to plunge into the water like a kingfisher, -this most 
unusual occurrence indicating an afiinity to the kingfisher in habits, 
especially to the white-breasted species which is practically an 
insect-feeder. As a matter of fact, C. itidica belongs to the group 
of rollers, so called because of the extraordinary aerial gymnastics 
indulged in by these, birds, as may be seen especially during the 
early part of the hot weather, when courtship takes place. 

The Indian Roller occurs throughout the Plains of India and 
Ceylon, neither a.scending the Hills nor occurring in areas of desert 
or thick jungle. Calcutta seems to be about its eastern limit of 
occurrence and Ea.st of that it is replaced by the Burme.se species, 
Coracias affinis, which is .slightly larger and much darker, with a 
lighter tail which lacks the purjde band at the ti]) which sets off so 
well the tail of the Indian Roller. In the Duars both species have 
been got and where they meet they hybridize freely. In Northern 
India a third .species of lioller, Coracias (farrula, which is a migrant 
from Africa and hlurope, also occurs and may be distinguished by 
its lower j)}xrt3 being pile blue throughout, whereas in the Indian 
and Burmese. Rollers, the lower parts are only blue in part . There 
is also a forest species, Eurysiomus orienlalis, the Broad-billed 
Roller, with a red bill and legs ; this is a nither silent bird and 
exceedingly wary and frequently ne.sts in nou-accessible holes in 
large Simul [Bomhax malaharicutn) trees. 

Where it docs occur, the Indian Roller is usually found com¬ 
monly and is not a bird which can be overlooked when on the wing, 
as its brilliant blue colours are then displayed to advantage. When 
at rest upon a branch or telegraph wire, however, this bird is by no 
means conspicuous, as the wings are then closed and the colours 
are not very evident. Its usual habit is to sit on any convenient 
perch and watch patiently until some desirable prey comes into 
sight, when it flies down, secures its quarry, which is always 
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swallowed whole, and returns to its perch. Ordinarily it appears 
to be a decidedly sluggish bird, sitting for hours on the same ierch, 
occasionally jerking its tail and emitting a sharp harsh “ T lock.” 
At the breeding season, which occurs in Bihar from March to tlvi end 
of June, and as early as January in Ceylon, these birds, however, 
become more active and vociferous, their harsh, staccato gutturals 
being evidently pleasing to the opposite sex. It is at this time 
also that they indulge in the weird evolutions which have earned 
these birds the title of Rollers. As both sexes we^r the same livery 
it is difficult to tell which is which, but two birds may often be seen 
sitting side by side on sonre exposed perch at this season of the year 
and uttering a sort of chuckling sound. One of them, presumably 
the cock bird, then flies off and up into the air to a considerable 
height wheiice lie descends in a regular “ nose-glide,” displaying 
his vivid colours and uttering short harsh screams all the while, 
ultiimtely returning to ])erch beside his msite. 

The nest is jjlaced in a hole in a tree or building and is generally 
lined wit h a varying amount of vegetable fibre, grass, a few feathers 
or some old rags, but the lining is often omitted altogether. Four, 
or sometimes five, glossy-white eggs are laid. The young are quite 
naked at first, but, later on, when the feathers have growir, are 
marked with vivid blue like their parents. Mr. Aitken considered 
the ])arent birds very wiry and the nests difficult to discover, but 
in Bihar at any rate this is not the case, it being one of the easiest 
ne.sts to find, the birds continually chasing away any intruders that 
come near the nesting site. 

Besides being an ornament to any landscape, the Indian Roller 
is an extremely useful bird, as its food consists almost entirely of 
large insects, such as grasshoppers, crickets and beetles, varied 
by an occasional small mouse, frog or snake. One kept by Mr. 
Finn even digested a toad, which must have been a very “ tasty ” 
morsel. The late C. W. Mason examined the stomachs of eighteen 
birds between January and October at Pusa and found^ that 
of 412 insects taken by these birds, only 4 were beneficial. 111 were 


‘ Mem. Dept. Agnc. India, E>Ul. Her., vol. Ill, pp. 155-159. 
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and 297 neutral Of tie injurious insects taken 62 were 
grasshoppers, 18 crickets and 23 caterpillars, mostly cutworms, so 
tlat t le good done by tie destruction of these injurious insects far 
morg han counterbalances the fact that a very few beneficial insects 
were tJ'ken. 

It is therefore unfortmiate that the Boiler’s brilliant plumage 
should frequently lead to its beiug shot by Europeans, especially 
in the neighbourhood of military cantonments, for the sake of its 
wings. According to the late C. W. 'M&mn, " being one of our 
common species of birds, and the gaudy colour very striking to 
any one new to the Country, numbers of these birds are shot by 
Europeans in order to send one or two wings home, and they are 
sent home not declared, or falsely declared. From wliat I have 
seen, I do not imagine that more tlian one out of six piirs of wings 
ever sees the destination for which they were originally obtained. 
Some specimens are not good enough, while others are put away, 
forgotten, and eventually thrown away.” It should therefore be 
noted that the Indian Roller is protected, under the Wild Birds 
and Animals Protection Act, throughout the whole year in Bibir 
and Orissa and in Delhi. In view of its beneficial activities to the 
Indian raiyat, it is to be hoped that the numbers of this bird will not 
be allowed to diminish througliout the area of it.s occurrejice. 

This bird is sacred to Siva and it is said they are liberated 
during the Durga Pujah. 

Falconers fly the Red-headed Merlin {.Emlon chicquera) at this 
bird. Jerdon says “ it is often baulked by the extraordinaiy evo¬ 
lutions of the Roller who now darts off obliquely, then tumbles 
down ijerpendicularly, screaming all the time, and endeav{mring 
to gain the shelter of the nearest tree or grove.” 



SOME LABOUR-SAVING DEVICES IN 
PLANT-BREEDING. 


BY 

ALBERT HOWARD, C.T.K., ^ G. L. C. HOWARD, M.A.. 

Imperial Economic Botanist: Second Imperial Economic Botanist. 

The investigator concerned with, the improvement of crops is 
constantly liable to the danger of being overwhelmed by detail. 
Cultures multiply rapidly, the number of .samples of seed involved 
soon rmis mto thousiinds and it is necessary to record every year a 
considerable amount of detail. To be of any value the awk must 
be accurate and the experimental error must be reduced to the 
lowest limit. As long as the crops are in the ground, if the danger 
of cross-fertilization is avoided, no particular harm can occur. The 
moment, however, a cultuie is harvested many things are possible. 
Between reaping and sowing, any plant or any series of plants have 
to be handled a good nxany times, the seed has to be examined and 
afterwaixis stored till planting time comes round again. If the 
inve.stigator aims at the })ersonal supervision of all essential details, 
it is obvious that he must utilize every possible device which saves 
time and fatigue and which also prevents mistakes. The present 
paper deals with some of the methods employed in the Botanical 
Area at Pusji, in dealing with the numerous miltures involved in the 
plant-breeding work. As correspondents and visitors have fre¬ 
quently asked for iidormation on these matters, it is considered that 
a brief account of some of the labour-saving devices in use may 
prove to be of general interest. 

The pbevention op crossing. , 

A combination of high temperature and high humidity reduces 
very considerably the value of the perforated parchment bag in 

( 5 ) 
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Indk for the exclusion of foreign pollen. The amount of seed set 
under these conditions is often small, the bags liave to be moved 
consta'iitly to allow for growth, while accidents due to wind and rain 
are frequent. Far better results are obtained witii infinit^b' less 
labour and risk by the use of the cylindricjal muslin cover lu ' - ed 
in Plate I. They are made of three bamboo rings which are otivered 
by the ordinary muslin of the bazaar. For most purposes tlie total 
length need not excised 30 inches and a diameter >f 13 inches is 
convenient. These completely enclose siuill ^dants I'kt l-nsecfl or 
gram. For taller plants like tobaiaio, the ii\f )re; ^ence ot'iv ni 
covered. In csises of A’ery tall plants like jute {Corchnru-'i i i J 

or pativa {Ilibiscns munalnnun, L.). which bear f nvi- on a 
large portion of the stem, much longer coveis are desire bJ? wJiich 
allow for growth and which are best attacheil .s<ton a^*er ''oweritig 
begins. These muslin covers are easily wa; after u.‘ , the ■ bust 
for two seasons and are easily storeii. Xo cases of cros' rtiiiziition 
have been detected through their ese. 

The handling op .single plants. 

Both in investigations on the inheritmua' of cJuiracters ajid in 
selection work, the seed of mimeimis single ])lant s has to be harvested 
and rigidly kept separate. Frequently, wiieii tiie .sc'ed is sav(‘d, it is 
.still too moist for examination and .storage and one of the dilliculties 
is to dry and keep separate the.se large (;oUectious of damp .seed 
while at the same time preventuig any .idmixture or lo.s.s. 

Diying boxes, o' by 3' and .5" deep, tlu; frames of which arc 
made of I" sal wood with wire netting (i" me.sh) above and below, 
are used for each .set of cultures. 'Fhese boxes are provideil with 
hinged lids and snap locks, two pieces of bar iron support the 
wire netting sides and thin galvanized wires are .stretched across 
the frames inside the box to prevent the bags slipping about rvhile 
the seed is drying. When the seed of any particular set of .single 
plants lias to be .saved, the bags are placed at once in one or more 
of the.se drying boxes, the box is labelled and the lock closed. TJie 
locked boxes are placed out in the sun every day till an opportunity 
occurs for the examination and storage of their contents. By this 
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means, personal supervision is only necessary at the colIe<^n, 
examination and storage of tlie samples. The»rest*is routinci uirder 
conditions where no mistakes are possible. No time is lost in 
sorting the samples which would occur if several sets of loose seed 
bags were dried together. • 

After tlireshing, the seed of single plants has to be stored and 
it is often desirable to keep them together iji sets. The seed envelopes 
of strojig 1.(»ugh gr<'y paper, known as the Girdwood post¬ 
sample kig,* have proved exceedingly usefid for this purpose and 
they last for many years. They are 5" by 21" in size and are closed 
by a pusii-in flap wJucJi is very effective and which will stand frequent 
liandling. No separate labels are needed as the culture numbers 
are written on the outsid(‘ of the envelope. For e.xamining the seed 
of single p'ai'ts and for trans'erring it to and from the.se envelopes 
the fiat trianguliir grain, .scoops used by corn merchants save much 
fhue. Ik'sides their u.s(‘ f<»r storage, the.se .seed envelopes are very 
Convenient in otlier ways such as the despatch of snuill samples of 
sec'd to and irom connspondents. It is not unusual in India to 
.semi small .samples of seed sewn up ii> pieces of (jotton doth or to 
de.spatch .several kinds in ordinary thin letter envelopes enclosed 
in an outer ejivelope. In the fir.st case, they frequently arrive with 
the labels t(»rn and the place of origin, lost. In the .second case, 
the thin paper generally Ininsls in the po.st and the siimples arrive 
all mixed togetlier in the outer envelope. It saves a great deal of 
time and trouble to all concerned if empty seed envelopes are 
enclosed when writing for seed. 

Variety trials. 

The difficulties to be overcome iti the trial of varieties and in 
the interpretation of the re.sults are well known. Such difficulties 
are by no means (;onfmed to the arrangement of the field plots but 
are encountered at other .stages of the work. As in the case of 
single plants, it is equally essential in dealing with large cultures to 
ensure that no accidents or mistakes occur between reaping and 

• These leod envelopes are manufactured by Messrs. Blake & Wackenaie, Ltd., Islington 
Liverpool, England. 
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tt > shiiig and between thresliing and storage. After reaping, it is 
often necessary for the crop to dry for a day or two before threshing 
can be carried out and further drying is necessary before the grain is 
stored. Admixture and theft are almost bound to occur at all 
stages unless special precautions are taken. 

In conducting variety trials in the Botanical Area at Pusa, a large 
wire netting drying house, provided with a slightly raised brick 
floor, has been in use for some years and has been found of great 
assistance. The plots are reaped and immediately transferred to 
the drying house where the produce is allowed to dry under lock 
and key till threshed. This building is provided with sufiicient 
floor space for two large plots with a vacant place between, across 
which a sheet can be stretched to prevent any admixture. There 
are large sliding doors at either end so as to admit <*£ the easy entry 
and removal of produce. The floor of the drying house at Pusti is 
60' by 25', the height to the ridge is 18', to the eaves 12'. The 
sliding doors are 8' by 9'. The wire netting used is mesh and is 
supported by angle and bar iron at suitable distances. 

The chief point in threshing experimental plots is speed. The 
whole process, including separation and weighing, should be com¬ 
pleted in one shift and nothing should remain lying about at night. 
This is a powerful argument in favour of reducing the size of the 
plots as far as is agriculturally expedient. For threshing purposes 
a small machine driven by a bullock gear is employed. After 
weighing, the grain is dried for a day on strong sheets in the drying 
house before storage. If a good labour force is concentrated on 
threshing and separating, the work is got through very rapidly with 
the minimum of time and trouble in supervision. Such attention 
is obviously necessary as there is little purpose in laying out elaborate 
field experiments of this kmd on paper and then leaving such 
essential matters as the actual determination of the yield to chance. 
In such work, principles and procedure must closely correspond. 

The storage of seed. < 

The question of seed storage in connection with plant-breeding 
work is important. It is necessary, not only to keep seed during 



60Mfe LABOI^R-SAVING DEVICES IN PLANT-BREEDING 


the rainy season but also to preserve the germination capaoity^or 
several years, so that any particular culture*of a series may be 
repeated whenever required. The method adopted at Pusa is to 
dry the seed thoroughly in the sun and to put it away immediately 
in air-tight seed bins. Insecticides like naphthalene and caTbon 
bisulphide have been found to be unnecessary as the pests of stored 
grain are unable to atta ck dry seeds under these conditions and even 
if a few of these insects are sealed up with the produce no damage 
occurs. 

The seed bins are, in principle, nothing more than the ordinary 
cart,hen hothis used by the people but they are made of the thin 
sheet iron ordinarily purcliasable in any bazaar. They were designed 
for Pusa by Mr. S. A. S. Bunting, f(»rmerly Agricultural Engineer 
in the United Provinces. The essential structural details are shown 
in the figure below. The bins arc cylindrical in shape, 36 inches high 



and 18 inches in diameter. The method of constructin.g the lid is 
indicate^ at A and the details of the floor at B. The lid has to be 
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pi^S'ied in firmly after the method often employed in tin canisters. 
To render the lorgitbdinal seam air-tight, the thin sheet iron is folded. 
The metal can be preserved from rust by coating inside and out with 
hot tar in which a suitable proportion of pitch has been dissolved. 
A number should be painted on the lid and on the cylinder, and as 
the lids usually fit best in one position this should be indicated by 
a white line. The numbers not only prevent the lids being mixed 
but also greatly facilitate the search for any particular sample of 
seed. To prevent the condensation of moisture on the bottom of 
the bin and the destruction of the metal by rust, it should stand 
either on bricks or preferably on a wooden triangle about an inch 
thick provided with rounded corners. One of the wooden bases is 
shown in plan at C in the sketch. After the lid has been pressed in, 
the bin should be hermetically sealed I'oun.d the upper rim with 
wax which will not melt during the hot weather aiul vliich will not 
crack during the monsoon. A wax mixture suital)le for tlie tempera¬ 
ture at Pusa can be obtained l»y melting together 4 parts of 
vaseline with 5 parts of bees-wax and slowly adding 2 parts of 
powdered rosin. For very high temperatures, the proportion of 
bees-wax and rosin .should be increased. A large number of sample 
seed bins have been supplied to corre.spon.dents in India and many 
copies have been made. They are now manufactured in sets (*f 
100 by Mesfirs. Burn & Co., Howrah. For storing seed in hiilk for 
distribution, larger sizes are desirable. Seed .stored in this manner 
retains its germinating power for many years. 
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CHARLES ALFRED BARBER. C. I. E., Sc. D. /Cantab.;. F. L. S. 


Dft. C. A. BARBER, C.I.E., Sc.D. (Cantab.), F.L.S. 


BY 

J. MACKENXA, C.I.E., l.C.S., 
AyricuUuml Adviser to the Government of India. 


Bv tJie ictiroiuent of Dr. Biirber. (Tovoniment Sugarcane 
Exj>ert, tile department loses one of its most pojjular and most 
distinguished members. 

Charles Alfred Biiiber was borj) on the 10th of November, 
18 () 0 , at Wynberg, Sout h Africa, son of the Revd. William Barber, 
missionaiA' there. As a boy he was much interested in natural 
history and so(»n knew every beast and bird and plant. He came 
to Englai'.d in Ajn'il 1871 . and was jilaced at New Kingswood School 
at Riit h till 1877 . Here no science wis taught, but he worked 
at chemistiy and geology j)rivately. 

He entered the Manchester and Liverpool District Bank, 
Newcastle-under-Lyme, in 1878 ; jwssed through the five years’ 
apprenticeshi]), cpuilifying for a head-clerkship or for an accountant¬ 
ship in a snuill branch. But, during his spare time, Rarber had 
been attending classes in chemistry, and had been privately studying 
geology and botany. He nuitriculated in honours and passed the 
First B.Sc. of London University. 

He decided in 1883 to devote his time entirely to science and 
went to Heidelberg and subsequently entered Bonn University 
for a year ( 1883 - 84 ). Here he studied chemistry, physics, mineralogy, 
zoology and botany. In these studies botany soon took first place 
because of the excellence of the teaching. The full course under 
Professo^- tijtrasburger consisted of 184 lectures and there were special 

( n ) 
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CO Tses under Scmitz in mycology and Sclximper in plant distribu¬ 
tion. In cbemistry the full course was under Professor Wallach, 
and for some time he worked in the same laboratory as Mr. J. W. 
Leather whom he was to meet later in India. 

Barber entered Christ’s College, Cambridge, m 1884. He 
was too old for an entrance scholarsliip, but was placed equal with 
the senior science scholar in the first examination of the year, and 
was granted a major foundation scholarship which was continued 
for seven years. He gave up chemistry* because of the poor equip¬ 
ment of the laboratories and took up botany, zoology and human 
physiology. During his first year at Cambridge, Rarbcr acted as 
demonstrator in elementary biologj’ and, in the third term, was 
asked to assist Dr. Scott at University College, London, ui preparing 
students for the elementary and advanced examinations of London 
University. Owing to the sudden death of Professor Huxley, 
Dr. Scott succeeded him m the teaching of the botanical section 
at South Kensington, and Barber was charged with the whole work 
at very short notice. He continued this teacliing for three years 
while canymg on his studies at CVimbridge. He took Part I of 
the Cambridge Science Tripo.s in 1888, and Part II in 1889, obtain¬ 
ing a first class in each. Having assisted in teaching elementary 
biology for several years. Barber was offered work as demonstrator 
in zoology and also demonstiating work in humsui physiology 
by Professor Foster. But lie decided to take up botany and became 
University' demonstrator in 1889. Owing to the great expansion in 
the school then takhig place. Barber had a large portion of the 
lecturing, especially for the secon.d j>art of the Tripos, and was in 
chief charge of all the demonstnitmg m the school. He published 
six papers in the “ An.nals of Botany,” chiefly on fossil botany, 
and became examiner in botany in Oxford University and 
assistant examiner in London University and elsewhere. 

Barber left Cambridge in 1891 to take up an appointment 
as Superintendent of Agriculture in the Leeward Islands. He had 
charge of gardens in Antigua, Montserrat, Dominica, St. Kitts 
and Virgin Islands, with, later on, a fibre plantation in Anguilla 
and a sugar plantation in St. Kitts. Owing to the fall in the price 
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of sugar, the Islands became bankrupt and the appointment cea^ld 
in 1896, ten years’ pension being granted by the Colonial Office. 

After temporary work at the British Museum, Barber was 
appointed to succeed Professor Marsliall Ward iri the teaching of 
botany at the E. I. E. College at Cooper’s Hill. He commenced*the 
study of the internal morphology of timber and published one 
paper on a fossil Gynmosperm in the “ Amials of Botany.” He 
also acted as Professor of Botany at the Koyal Holloway College at 
Egham, and did a good deal of examining. 

In 1898 Barber left Cooper’s Hill to take up the appointment 
of Government Botanist, Madras, with the idea of completing the 
collections of the Madras flora ar.d the preparation of a description 
of it. He was appointed Director of the Botanical Survey for 
South India, in,cludii'.g Madras, Hyderalad, Mysore, Travancore 
and C’oorg and Cochin. Almost at once, however, the study of 
diseases in crops was added to his f»ther duties. Conmiencing with 
the sugarcane, this was afterwards extended to groundnut and 
later on to pepper. He founded three farms for the study of these 
staples, at Samalkota, Palur, and Taliparamba, respectively. In 
addition to the survey, tlierefore, a considerable amoimt of agri¬ 
cultural work was required and to this was gradually added economic 
botany, entomolog}’ and mycologt'. During this period his spare 
time was devoted to the study of Haustoria of the Sandal, Camjera, 
Olax and Ximenia and four Memoirs were published in the Botanical 
Series of the Agricultural Department of the Governiment of India. 
For this and previous research work, the degiee of Doctor of Science 
at Cambridge Un.iversity v'as awarded in 1907. In 1908, while 
on ten months’ study leave, he visited all the important agricultural 
colleges in the United Kingdom and prepared a history of Kew 
Gardens for the French Government. 

Barber returned to India in 1908, and jomed the new Agri¬ 
cultural College at Coimbatore, in charge of the botanical, entomo¬ 
logical and mycological sections. Of the two latter branches he was 
rebeved by the appointment of an Entomologist and a Mycologist. 
The stereotyping of a series of lectures on botany and agricultural 
botany i^r| Madras was the chief work during these years, but he 
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alsij commenced the study of Indian cottons and other economic work 
as time permitted, lie was examiner in Madras University for 
10 years and a frequent contributor of leaders to tlic “ Madras 
MaU.” 

In 1912 Barber was appointed Sugarcane Expert for tbe whole 
of India, but was posted under the Msidras Govt i ament, and Oi')ened 
the Cane-breeding Station at (k)imbatore. This appointment was 
prolonged from time to time because of the war and the difficulty 
of finding a successor. As a rcAvard for his distinguished service 
he was admitted a Companion of the Indian Empire in dune 
1918. 

As a scientific worker Dr. Birber was distinguished for accimicy 
and method. He was possessed of enormous indu.stiT. The series 
of Memoirs on su^rcane published by the Department of Agri¬ 
culture are a mass of accurate infornuition on the subject, while 
his observations and conclusions have been tabulated with .such 
precision that his successor wdll have no difficjjity in faki/tg u)i th<‘ 
work at the stage at which it was left. By his retirenwnt Govcn>- 
ment has lost a worker of first class distinction, but it ist() be hoped 
that we shall indirectly, for many years to come, bemdit from 
his work. 

Barber was possessed of a very fine physique and had a dis¬ 
tinguished athletic record. At school he was a .successful .sprinter, 
while he won his colours at cricket and was (»ne of the footltjill 
captains. At Christ College, Cambridge, he won his colours for 
tennis and for Association footlmll and was first in the high an.d 
long jump in the college sport-s. At Cooper’s Hill he played regular¬ 
ly in the football and tennis teams. On the aesthetic, as opposed 
to the athletic, side, Barber was no less distinguished. He was a 
first claas photographer and also did a considerable amount of 
painting, appearing frequently in the prhie list of the Madras Fine 
Arts Exhibition. 

Barber was no less happy in his home than in his official life, 
and many of us will remember wdth pleasure the kindly hospitality 
extended by Dr. and Mrs. Barber to visitors to Coimbatore. It is 
diffiicult to realize that the age limit forces on to the ~)eHsion list 
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men with such reserve of onerg” jr so phV3ic!a]|y fit as Dr. Earifer 
w£^s when he left India, and we k forward seeing further scienti¬ 
fic contributions from his pen compiled in the jreaceful and congenial 
atmosphe’’*' '■.J Cambridge. Wc are sure that the good wishes of 
all mtml » the department follow Dr. and Mrs. Barber in tlieir 
well-earned retiremei 



CO-OPERATIVE LAND MORTGAGE CREDIT 
FOR INDIA. 

BV 

H. R. CROSTHWAITE, C.I.E.. 

Registrar of Co-operative Societies, Central Provinces and Berar. 

It is not by augmenting tite capital of a coxmtry, hut by rendering a 
greater part of that capital more active and productive than would 
otherwise be so, that the most judicious operations of banking can 
increase the industry oj the country. [“ Wealth of Nations.”] 

Within the sLort space of a decade and a half the co-operative 
credit movement has made phenomenal progress in India. That 
fact it is impossible to dispute. True, there are those who lament 
the slowness of development. In opposition to them, critics have 
come forward to pounce upon a comparatively few instances of 
failure as proof of an unhealthy desire to show big results in the 
shape of what is termed “ an imposing array of figures. ” “ You 
are going too fast!” groans the one school, forgetting that if an 
aeroplane had never crashed Alcock and Browne could not have 
flown the Atlantic. “ Hurry up !” grumbles the other, being in 
the happy position of watching people work while it does the talkin.g. 
But, if there is any truth in the statement that the co-operative 
movement has been forced ahead too fast, then who, it may be 
asked, has made the pace ? Certainly not the Registrars of Co¬ 
operative Societies, nor the small number of men working directly 
under them. Once started on its way by Government, the move¬ 
ment has gathered impetus, as Government hoped it would. Its 
finance is already far too big a thing for the commercial banks to 
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handle. More than that, the amount of money required by eo- 
operators is so enormous that it is impoHsible for the State to assume 
any specific responsibility for the safety and solvency of their msti- 
tutions. What right, indeed, has Government, an entity which is 
responsible for every part of the body politic, to guarantee *the 
solvency of one particular part of that body without the intelligent 
consent of the o.her parts ? The tax-payer’s money goes into one 
common purse ; and as it is for their own benefit that men join co¬ 
operative societies, it is difficult to understand the argument that 
it is right to rob poor A, who is a private trader, in order to reward B, 
who is already trying to diminish A’s profits—and incidentally put 
money in. his own pocket—by means of co-operation ! The simple 
fact is that the co-operative credit movement is spreading in India 
because, by means of good organization, it can provide borrowers 
with credit on reasonable terms and, at the same time, offer a safe 
investment to lenders. Incidentally, the organization of small 
credits has been of great service to the country because it has 
brought into circulation a vast amount of idle money ; and it is in this 
direction, and not in adding to the strain to which the Presidency 
and other trade banks are subject, that further development is to 
be looked for. Sound economy and good morality march together, 
and it is not, as a rule, until a man has reaped some material benefit 
from listening to the advice of others that he is in a frame of mind 
toconsidertheirprofessionsofanxietyforhismoralwelfare. Money 
is said to be the root of all evil; but everybody wants to have 
the tree in his own garden. W'e may, therefore, bear with good- 
humoured toleran.ee the disparaging remarks of persons who affect 
to despise the quality of the co-operative movement in India because 
it has not converted human beings into saints. We can, also, 
neglect the views of those who urge that co-operative land mortgage 
is a sordid business which it is impossible to turn into a means of 
moral education, and that jor this reason it should not be attempted. 
What it is necessary for the political economist to examine is {%) 
whether co-operative land mortgage can benefit India, (m) whether, 
and under what conditions, this particular form of co-operative 
^ort is pos|ible in India, and {Hi) whether the enormous sums of 
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•ney which, ^re required for oi^nixed land mortgage credit eanl 
be found in India.' In discussing the questions thus raised it will 
not be necessary to weary the reader by any very detailed refer* 
ences to the methods employed by other countries. 

The problems of India are peculiarly her own and bewilderingly 
complex. Land tenures vary from province to province and from 
district to district- But wherever a local law debars a holder of 
land from registering a deed of mortgage in respect of his rights, 
it is obvious that any kind of organized mortgage credit is impos¬ 
sible, The differences between co-operative credit, of the type 
which is based on personal knowledge and proximity, and co¬ 
operative land mortgage credit are radical in kind. The former, 
being based on the credit of character, i-s ephemeral, and is, there¬ 
fore, unsuited to the making of initial contracts the terms of which 
cover long periods. The latter, being secured by real estate, is 
stable enough within the limitations imposed by prudent valuation 
and the credit of Government. The naan who lends upon the 
security of land, with a tolerably wide margin between the amount 
he lends and the value he places on. the land, is safe enough unless 
a wave of Bolshevism engulfs his investment. The same cannot 
be said of the lender who makes a long-term loan on the .strength of 
personal character pure and simple. Tnie, a co-operative credit 
society, of the type which pledges the imlimited liability of all its 
members, does back its debts with some real property. But just 
what that real property may happen to be in the event of forced 
realization is problematical at any time, and, in respect of a 
distant future date, is extremely problematical. The asset of 
character implies the possession of earning capacity, and it is, 
therefore, an asset which is peculiarly liable to deterioration 
and which, from the lender’s point of view, must be carefully 
watched. An epidemic of influenza or of cholera may causf 
a flourishing society to disappear simply because the mem 
bers who were its strength and support have left the world 
Shocks of this kind are provided for in the various systems c 
personal co-operative credit by a large paid-up share capita 
by reserve funds, bad debt funds, and other financial device 
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Bttt the essence of the systems which are baaed on combinatians'^ 
personal liability is really this. Borrowed money must be profitably 
used and paid back out of profits with the least possible delay. It 
must be understood, also, that the capital turnover of the provincial 
and central banks which serve rural credit societies caimot be as 
brisk as that of the banks which serve commerce, for the cycle of 
agriculture includes crop failures as well as bumper harvests. Nor 
yet can that same capital turnover approach in ease and rapidity 
that of a bank suitably designed for the purpose of granting land 
mortage credit ; and, as, even with the best of good fortune, short¬ 
term agricultural Joans have an uncanny way of becoming long-term 
ones, it behoves the directors of provincial and central banks,— 
banks designed for a certain class of work only,—to guard against 
the dangers wliich arise from locking-up too much of other people’s 
money. To attempt l.o t urn central and provincial banks of existing 
types into co-operative larrl mortgage credit banks would be an 
experiment attended by numerous dangers, and the wisdom of any 
such step may well be doubted. In addition to the financial diffi¬ 
culty just indicated there may be mentioned the problem of land 
valuation. A big landed estate is, in India, frequently valued 
by the simple process of taking a low multiple of the land revenue 
assessed upon it ; and the same method has, at times, been 
employed in Germany and other countries. But, as we all know, 
this method of valuation is, at best, a rough and ready one. It 
has this virtue,—it will not, as a general rule, overvalue the 
property. On the other hand, it is defective from the borrower’s 
point of view because it deprives him of the benefit of the true 
mor.ey equivalent of his estate. Half a loaf, in the shape of an 
inadequate loan, is not always better for the borrower than no 
bread at all. There are many men who, finding themselves in 
financial trouble, pay off the most importunate of their creditors 
by borrowing where they can. They go down the road to ruin by 
stages, as it were,—each stage more expensive than the one 
before it. Their mterest charges increase, they have to fee 
lawyers and to keep up an appearance of prosperity lest it may be 
supposed th^t they have reached the end of their financial tether. 
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!F^or such men, the relief obtaiued from commercial banka and 
private lenders is, as a rule, of a temporary nature. We cannot 
blame the commercial banks and private lenders; their point 
of view is the ordinary business one. They are intent on making 
money for themselves or for their clients, and the moral and 
material benefit of the borrower is not their affair. Bitter 
experience has taught them how difficult it is to value agricultural 
land; how troublesome it is to bring it to sale ; how large the 
margin between loan and assumed value must be. They know 
that, as a rule, they cannot avail themselves of that proximity 
which alone can produce an accurate appreciation of borrowing 
capacity. These are some of the disadvantages of lending money 
on large estates, and they become very much more formidable in 
the case of small ones. 

Next, let us glance at the circumstances which affect the 
market value of small holdings. First of all, there is the 
productive capacity of the soil which often varies from field to 
field. Then, there is the fact that the average value of an acre 
of land in a village area is based, as a rule, on a veiy wide 
range of values. The parcel of land in question may be split 
up, and usually is split up, into bits and is scattered over the 
village area. One field may be close to the basti&nd exceptionally 
valuable ; another, on the fringe of a patch of jungle, may be 
ravaged by wild pig; the crops grown on another may, for some 
mysterious reason, be peculiarly subject to wdlt. Add to these 
sufficiently formidable complications those which arise from the 
vagaries of the many laws which govern the conditions of land 
tenure, and the lending of money on the mortgage of small 
holdings stands revealed as a very dangerous kind of business for 
those who, lacking the needful equipment, would go in for it on a 
large scale. On a small scale, and in cases in which full local know¬ 
ledge is available, it is probably safe enough for parsimonious 
lenders,—but whether it is to the ultimate benefit of a borrower 
to execute a first mortgage in consideration of a loan which is small 
in proportion to the credit which his land can support, is another 
matter. In particular, although a man who wants pertain fields 
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in order to cultivate tLeiU hime^lf, can always get Ws money back 
unless he has been led astray—as sometimes happens—by 
miscalculations caused by an unreasoning hunger ior land, prices 
secured at court sales and, as a last resource, cultivating profits are 
notoriously small when an absentee owner, whether a bank oiT an 
individual, is forced into reluctant possession. There is, for 
instance, the classic instance from Germany, in which a co¬ 
operative society found itself the proprietor of a theatre and of 
dwelling houses saddled with heavy charges. If, then, co-operative 
central and provincial banks, designed for the express purpose of 
dealing in personal credit, are misled by sentiment or bad advice, 
and, inthe end, fin.d themselves in possession of villages, houses, 
and land which they cannot maintain but must sell, there will 
indeed be some bargains on the market. But the people getting 
the bargains will do so at the expense of the banks. As for the 
banks what, it may be asked, was the ultimate fate of the foolish 
virgins in the parable ? And, on the other hand, what of the 
over-coi).fident borrower who has mortgaged his land for inadequate 
consideration, and then finds himself deprived of further credit 
because the lender does not wish, or does not find it convenient, 
to reduce his original margin of security ? 

However, let us attempt to find some way out of Indian diffi¬ 
culties and find answers to the three questions already stated. 
Firstly, “ Can co-operative land mortgage benefit India?” To this 
there can be no hesitation in replying that undoubtedly it can. 
For the improvement of agriculture, for the adoption of machinery 
and modern methods, the employment of capital is necessary ;and 
there must be many owners of considerable estates, whether in 
the shape of large home-farms or otherwise, who would like to turn 
the expert demonstration and teaching of the Agricultural Depart¬ 
ment into something concrete, and of direct personal interest, in 
the shape of additional income. Modem farmmg, however, is a 
business which must be supported by plenty of ready money ; and 
cash in hand seldom figures as one of the main items in a land¬ 
holder’s balance sheet. Then, again, many a landholder, solvent 
enough at present, has contracted a mortgage debt on conditions 
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^hich he find§ far more onerous than he expected. For hiini. th^ 
amortisation of existing debt on easy terms must precede any 
investment of capital in agricultural machinery, in wells, in pumps, 
in large quantities of manure. There are at least three great prob- 
lerfis which India has to solve if she is to develop into a well- 
balanced country. One of these is the increase of her population in 
order to supply labour for industries; another is the increase of her 
food supply in order to feed an industrial as well as an agricultural 
population. It is not necessary, surely, to elaborate the argument 
that capital will be wanted, in very large amounts, by the land, 
which, if it is to meet a growing demand for food, will have to be 
made far more productive than it is at present. The third problem 
is that of prices. Unless industrial expansion is accomijanied by 
the intensive development of agriculture, the price of food and 
wages will rise to such an extent as to, prejudice the sale of the 
products of Indian industry. There has never yet been a couirtry 
which could confine its trade to itself ; the different classes of which 
could live, as it were, by taking in each other's washing. India 
will certainly want to buy from and sell to other countries ; and, 
in the vortex of world trade, the prices at whicli .she can sell will be 
limited by competition. Agricultural credit is, therefore, a subject 
which demands the closest attention, for it is, in fact, tlie fou])da- 
tion on which the future of India is baaed. 

Tie second question with which we have to deal is whether, 
and under what conditions, co-opeiative land mortgage credit is 
possible in India. This form of co-oi)erative effort is, of course, 
poMible. But such a statement rests on several important assump¬ 
tions. It must, for instance, be taken for granted (i) that the laws 
of the land will be modified, wbe?e necessary, so as to favour an 
organized system of land mortgage credit, (ii) that owners of land 
will combine with each other in order to better their credit because 
they understand (o) the necessity for mtensive cultivation, and (6) 
how to cultivate intensively, and {in) that the necessary organizing 
agency is placed at the service of landowners. It is easy to argue 
that , if kndowners cannot organize themselves nobody else can do 
them. The argument is a.resoundii^ one wj^ich appeals 
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to vested interests End to overworked officials. It belongs to the 
same family as the statement that “Nature abhors a vacuum”— 
which served the purposes of Natural Philosophy' for nearly two 
thousand years until Gjlileo observed that water could only be 
raised to a limited height by the creation of a perfect vacuum. ‘But 
it does not fit in, somehow or other, with the lessons which the war 
has taught us. The sounder point of view appears to be that which 
envisages the imparting of all essential education as a duty which 
the State cannot shirk, and which understands that the question of 
a country’s food supply is one which cannot be neglected with impu¬ 
nity. The justification for the existence of a department of agri¬ 
culture is that it provides a means of education,—^not that it can 
till the fields itself but that it can teach the cultivator to obtain 
heavier crops. Food being a necessity for all men, and the State 
being merely another name for its inhabitants, measures to make 
food better, cheaper, and more plentiful are essentially the business 
of the State. For this reason, public money is rightly invested in 
State departments which educate the producer to better business, 
better farming, and better living. It is the special work of such 
departments to inculcate the principles of self-help, and to train and 
strengthen certain parts of the body politic so that there may be a 
contented and prosperous whole. It is certainly not the legitimate 
busin.ess of any Governmeiit department to weaken the body politic 
by spreading economic fallacies, -by teaching ignorant people 
that State help, whether in money or in service, is a substitute for 
self-help. If the members of a family say, each one of them to 
himself, “ I need not work. The rest of the family will feed me,” 
that family must consume either its savings (if .it has any), or its 
borrowings, or exist on charity. In the end, the members must: 
produce food or starve. And in the task of production every’ 
member ought to take a .suitable part. The economy of a State is 
very like that of a family. Before proceeding further, then, it 
may be postulated that the introduction of a regular system of land 
mortgage credit in India will certainly require State guidance and 
supervision, but not State money whether in.the.shape of subsidy 
01 loan. Tjbe auccessof 'a knd jnortgEge cied^Ersa»«i%tj^ dep«^ 
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entirely upon the capacity of its members to manage their own 
afiairs up to a certain point. Beyond that point, a system of 
co-operative mortgage credit becomes the business of the State 
and merges in the general scheme of State finance. 

‘ Societies dealing in co-operative mortgage credit have a semi¬ 
official character. They work under Government supervision and 
inspection, though their members do the detailed work themselves. 
In case of non-payment by a member they have the right to proceed 
to the administration of the mortgaged lands or to compulsory sale 
by auction, without recourse to the law courts. But the le\7 of a 
fine or penal interest always precedes drastic action. The servants 
and officers of the societies are indirectly servants of the State, and 
generally they have authority to sign certain public documents, 
such, for instance, as the certificate required before summary 
procedure is taken. The universal type of co-operative land credit 
society is a non-profit seeking association of proprietors of land, 
organized for a province or for some other administrative unit. 
Individuals become members when the association becomes a 
mortgagee of their property. Membership ceases with the redemp¬ 
tion of the mortgage. Just as in all other co-operative credit the 
main merit of this particular form of it lies less in the sub.stitution 
of wholesale dealing for retail, than in the interposition of a body 
between borrowers and lenders, which, although composed exclu¬ 
sively of borrowers, has a supreme interest in safeguarding lenders. 
As a class, all co-operative land credit societies have in their organ¬ 
ization and in the management of their afiairs certain features 
in common. Their object is to obtain for their members the credit 
they require by means of bonds, freely transferable and readily 
negotiable, which the holder can convert into cash, at any time if 
he sells in the open market, at six months’ notice if he demands 
payment from the society.' To provide for demands of this nature 
(a) reserve funds are accumulated, ( 6 ) the right is sometimes 
retained to charge mortgagor members the same rate of interest as 
a society may have to pay for loans taken and consequent on such 
demand, (c) members undertake a limited liability for supplemen- 
miy ooutribtttoiy i^ymentB (as temporary accommodation to the 
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society) amounting to from 5 to 10 per cent, of indebtedness 
incurred. Methods (6) and (c) are not common, (a) being sufficient 
as a rule, as all sinking fund payments,— ie., payments towards 
the fund which accumulates at compound interest and from which 
the debts of members are extinguished by the society,—^are made 
available as a reserve not only for this purpose but to meet claims 
put forward by bondholders whose bonds have matured, should the 
collections from members fall below the requisite amount. By this 
means the society gains time, and keeps neither its members nor its 
creditors waiting for cash. Formerly, a society’s bonds were 
guaranteed by the landowners of the province or unit collectively. 
In some of the oldest European countries this collective guarantee 
is still in force, either for all the estates entitled to obtain mortgages 
or for the estates actually mortgaged. It seems improbable that 
Indian landowners, -even though close neighbours, would ever 
consent to furnish a collective guarantee ; and it is, therefore, 
satisfactory to be able to record that, in the more modern societies, 
the specific security held by the society for its loan, plus a limited 
contributoiy guarantee, is considered all that it is necessary to ask 
a member to provide. The latest type of society appears to favour 
the initial guarantee which is furnished by a substantial share 
capital, but this, also, is a development which would probably be 
unsuited to liidian conditions. In all societies the supreme author¬ 
ity is vested iit the general meeting of the members. Then come 
the central commit! ces of management, and then the local or district 
committees. The Syndics, or expert legal members of the com¬ 
mittee of management, conduct the current business of the society. 
They arc paid and, in most cases, are bound exclusively to the 
service of the society. The landowniig members of the committee 
are generally unpaid. The task of land valuation is performed by 
the Local Committees who are selected from members resident in 
the neighbourhood of the land to be valued and not very heavily in 
debt to the society. Local knowledge, in fact, is always made the 
utmost use of. To be quite safe, no society grants loans in excess 
of a certain proportion of the valuation made on the land, the usual 
limit being 66 per cent. Great care is taken to see that payments 
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both on account of interest and amortisation (or to sfeiking filUd) 
are regularly made, &nd that mortgaged property is not allowed to 
deteriorate. On the other hand, if the objects stated bj the bor¬ 
rower are approved and the valuation shows that the security is 
good, loans are never refused and canrot be called in suddenly 
except, of course, as a penalty for misconduct. The mortgagor is 
at liberty to redeem his property before the date stipulated and, in 
fact, he can repay as fast as he likes. Members who borrow have 
to make certain contributions towards working expenses and reserve 
fund—^the “ reserve fund *’ being, in the case of these societies, 
something quite different to the permanent and indivisible reserve 
fund of the Raiffeisen system. Loans are paid to members in 
bonds not in cash. The borrower either disposes of the bonds in 
the market, or, in those cases in which the sccieties have established 
their own special banks, takes them to the society’s bank for sale 
or for pledge against a loan. Holders of bon.ds issued posseiis no 
right against any specific real property, but only a right to recover 
from the society. Conformity between bonds and mortgage claims 
is, however, fully secured ; bonds do not become legally valid 
documents until completed by the supervising officials, upon 
whom it is incumbent to ascertain by inspection of tbe piddic 
register of title that a like amount is secured by mortgage upon 
property and that such mortgage claim is also definitely assigi’.ed to 
meet the bond claim. In face of this assignment the registry ofiicial 
may only cancel the mortgage charge on proof that bonds of like 
value have been withdrawn from circulation. Bondholders have 
not, however, claims against specific projjerties thus mortgaged 
and earmarked ; the method indicated merely guarantees that there 
are never more bonds in circulation than are covered by mortgages, 
and that other credit operations likely to weaken the security of 
the bonds are not undertaken by the societies. First mortgages 
only are dealt in ; but societies grant loans to pay off previous mort¬ 
gages. The bonds, as ought to be the case in British India, are 
l^lly recognized as trustee securities. Issues of boixdsare made 
in distinct series ; every series canries the same rate of interest, and 
is deait with as s distinct issuiB,..haying.kh own manage^ht fund. 
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reserve fund, and sinking fund. In order to float fke bonds the 
societies have united to form tbeir own special barJis which are 
moie-or less under State control, are recogv.ized as places for the 
deposit of trust moneys, ai d are rot conducted for the sake of profit. 
All the profits made by Ihcse bai'ks, which are at liberty to efgage 
in any banku'.g business w'hich is not speculative, go to the reserve 
amortisation funds of the societies. The regulations concerning 
amortisation differ widely. It is, however, the general rule that 
the contributions towards redemption are not applied to the imme¬ 
diate reduction of the debt, but are accumulated in a special fund. 
The fact tliat most societies allow the withdrawal of accumulated 
contributions or readily gmut fresh mortgages prevents the proper 
aim—complete removal (>f indebtedness—from being realized. On 
the other hand, it is urged that, unless such facilities are granted, 
landowners may be obliged to seek mortgage credit elsewhere and 
on more unfavourable terms. Various proposals have been made 
to secure complete removal of indebtedness ; one, for instance, is 
that the mortgagor should pay an insurance rate fora redemption 
policy in adilition to his annual amortisjition payment to the sinkin g 
fluid ; another that the amortisation payment should be devoted 
to a life insurance policy. 

The principal merits attaching to a mortgage credit association 
as an agency for providing the landowner w'ith long-term credit may 
be sumnutrized as follows :— 

(1) They enable landowners to mobilise the wealth repre¬ 

sented by their landed possessions by the creation of 
bonds jmssirg into the general system of securities. 
These bonds are not, like an ordinary mortgage secu¬ 
rity, of very restricted currency but are realizable at 
any time in the open market. 

(2) The loans granted are not subject to recall. 

(3) The rate of interest is as moderate as possible—^far 

more moderate than the borrower could secure 
if single handed, and is regulated by the market 
rate., 

.(4) .The. rate..of in^CMt cannot be raised. 



28 AGHacutTuftAi. Journal of tifDiA [XV, t. 

(6) The rif^t is conceded fco reduce the debt by payments 
made at the mortgagor’s convenience. 

(6) The necessary extinction of the capital debt is accom¬ 
plished gradually. 

' (7) The costs for valuation and other charges are low. 

(8) The administration is at once relatively inexpensive and 
the officeholders highly qualified for their work. 

Even this cursory examination of the machinery for co-opera¬ 
tive land mortgage credit will, it is hoped, show that there is nothing 
to prevent the establishment in India of societies and banks for this 
special work. It may be exceedingly difficult to organize and start 
such societies and banks ; but that is no reason for not .starting 
them. It may be that landowners will, at first, view the new idea 
with suspicion. That, however, is not an excuse for refusing to 
take action. It may be that the State will have to appoint special 
officers to organize and assist this very difficult branch of co¬ 
operative work. That, however, is exactly what other countries 
have had to do. The co-operative movement in India is still too 
young to be able to thmk out for itself advanced applications of the 
main principles upon which all forms of co-operation are based. 
And in order to organize mortgage credit societies and to manage the 
special banks there must be skilled and experienced men who will 
devote their undivided attention to the work. It is not understood, 
perhaps, that banks of the kind we are now discussing can discount 
the paper of the existing types of central banks and rural credit so¬ 
cieties and can, under certain conditions, make loans to them, adding 
profits to their own fund for debt extinction and thus making agri¬ 
cultural money help agriculturists. It is, in fact, only by making 
the fullest use of the solid backing which landownership gives to 
their operations, a backing which is particularly acceptable to 
trustees, banks, corporations and to all investors who make security 
their first consideration, that the members of co-operative mortgage 
credit societies contrive to provide themselves with long-term 
credit at very moderate rates of interest. That the credit obtained 
is for long terms may be ^thered from the fact that amortisation 
payments are frequently as low as half per cent, per annum. 
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The question which remains is " whether the ^enormous sums 
of money which organized land mortgage crfedit requires can be 
found in India.” In considering this question, it must be remem¬ 
bered that mortgage credit societies are eminently suitable as a 
means of substituting debt on reasonable terms for debt contracted 
on terms dictated, perhaps, by dire necessity or the folly of an 
ancestor. The end in view is, in substantial part, not so much 
that of creatin.g fresh capital as of a redistribution and economic 
adjustment of capital already sunk. Looked at from this point of 
view, the bearmg of a well-organized system of mortgage credit 
upon industrial and commercial development becomes clear. It 
was clear enough to the Germans; and though Germany has been 
beaten in the war, only the purblind vnll refuse to believe that, in 
many respects, German industrial, commercial, and agricultural 
organization and method had many lessons to teach to the world. 
Germany lost the \rar because her cause was cruel, selfish, and bad, 
and because, blinded by pride in her ovm achievements, she failed 
to appreciate the moral no less tlmn the material might of the 
British Empire with its very much longer, less calculating, and 
infinitely more humane history’. Germany, the Germany of the 
Hohenzollern dynasty, set out to conquer the world. It was an 
adventure that was doomed to fail. Had it succeeded, success 
could only have been for a time. The very fact that Germany’s 
attempt upon human freedom has upset the world’s balance should 
make us understand that German domination would, sooner or 
later, liave brought about a veritable catastrophe. Looking to 
the future, it is evident that the countries which have the most to 
hope for and the least to fear are those which are ready to understand 
the necessity for internal organization. Departments of industry, 
commerce, agriculture, and education must have their essential 
complements in the shape of departments of finance. And, in 
India, there is scope enough for the organization of finance. 

Speaking from personal experience, I have seen one small 
provincial co-operative credit banking organization, guided by a 
very meagre number of officials and non-officials, accumulate a 
working capital of more than a crore of rupees,—and that within a 
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period of fifteer. yeara. Given sufficient rtaif forpropagandist work 
and for teaching and trainii'.g, there is firm reason to believe that 
co-operative fiimrce can lie made to keep pace vdth, and to acce¬ 
lerate the pace of, geneial progress. It is certain tliat without 
improved finance, the efforts of such departments as those of agri¬ 
culture and industries cannot meet with anything but a superficial 
success. The question is really an admin-istrative one, and resolves 
itself into the fashioning of a lever, big er.ough, but n-o bigger than 
necessary, to raise a weight which is imi)onderable. Paiadoxically, 
the heavier the brains of the weight, tiie lighter and less ex]:M>nsive 
need the lever be. Hence, the conclu.sion may be anived at that 
all reasonable and prudent exjwiuliture by the State u}>on pmctical 
education—the right kind of educatioji given by competent j>er- 
sons—is, in reality, only tlie premium for an endowment insumnce 
which will mature and, in the end, do more than merely recoup 
the State. 

Within the space of an article such as this it is not possible to 
make more than a passing reference to the very large sums of money 
which lie idle in the Government Treasuries during ceitain months 
of the year, to the notorious mamier in which India absorbs and 
withdraws from circulation vast quantities of gold and silver an 
absorption which even the ancient Romans found it. neces.siiry tc 
protect themselves against, by prohibiting the export, of gold to 
this country,—and to the fact that Indian exports exceed imports. 
Lx addition, it must be pointed out that the essential function of 
co-operative mortgage credit binks is to convert funds which have 
been locked up and have become immobile into a form of security 
which is readily negotiable and is, therefore, fluid. Split into bonds 
of small denomination and in the liands of many holders, landed 
securities become something differu'g a.s widely from the usual 
mortgage lock-up as the silver rupee is distant from the Sanskrit 
rupya (meaning a herd or flock) which is its direct but remote 
ancestor. In the course of trade, amoi.gst enlightened people, 
mortgage bonds cfxn be made just as good a medium of exchange as 
currency notes, an.d can be backed by a reserve of real estate instead 
of by a metallic reserve. Lastly, as the industries and agriculture 
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of India become more and more productive, the amount of money in 
circuliition will certainly increase. On the wlmle, therefore, it is 
srffe enough to conclude that there will be no lack of money, for, as a 
system of organized land mortgage is gradually developed, pro¬ 
duction and consumption will increase, and industries and tjade 
will flourish. 
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Bengal has a coi\siderable inclustrj’’ in date-palm sugar, Imt 
no great attention seems to have been paid to the palmyra palm 
as a sugar-producer. Nor has it received any recognition in Bihar 
where the richly saccharine juices yielded by tliis tiee are converted 
into toddy which supplies a cheap intoxicating drink forthe lowclass 
people. The tree flourishes fairly abundantly and if the juice is 
collected judiciously it can supply a large part of tlie sugar consumed 
by the people. Not even 10 per cent, of tlie trees are tapped, so 
that, even allowing the people their drink, a considerable commercial 
possibility exists, and in April and IHay when the flow of the juice 
is most abundant, toddy sells so cheap that there can be little dmibt 
that the manufacture of sugar will pay. In the Midnis Presidency 
large quantities of sugar are annually produced from this source 
and though its commercial succe.ss is assured there, the climatic 
conditions of Bihar being apparently different from tiiose of IVIadras 
during the juice-yieldi)'>g season, it is considered worth while to 
study the question here. 

Tapping. The method of tapping is important, as on it depends 
the flow of the juice. In the female tree, after the fruits have just 
begun to form, the flowering stalk is rubbed with a rough skiir 
detached from the leaf-staP: and is then struck with the back 
of the tapping knife, the object being to destroy the fruits 
and to provide a local irritation which is perhaps necessary to 
encourage the flow of the juice. The spaces between the fruits are 
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rubbed with, care and force and in the end the tip o/ the stalk is cut 
off. The toddy-collector, or the pasi as he is dblled in Bihar, then 
\^its for some time, cutting every day the end of the stalk about 
three times. In three or four days, juice begins to drop. The 
inflorescence of the male trees is subjected to a harder treatment. 
The finger-like bunches on which flowers appear are squeezed along 
their lengths (Plate III, fig. 1) by an improvised pair of tongs 
(locally called dawto) formed by two sticks, about a foot long, one 



The ((an(a—an improvised pair of tongs used for squeezing tho male fingers. 


end of which is tied together by a string. This requires experience 
and technical skill, as too gentle a pressure will not make the juice 
flow, and too hard a pressure will destroy bunches and make them 
dry. The jxisi is always careful not to begin the squeezing opera¬ 
tions till late in the afternoon when the temperature has gone down 

8 
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as otherwise the wounds inflicted will kill the delicate fingers. The 
tips are then cut off and the fingers are at once collectedtogether and 
let into the mouth of an earthen pot in which the juice afterwards 
collects, in order to protect tlxe portions, exposed by cutting, from 
getting dry. The secretion of the juice'generally takes place in the 
course of a week and, during the whole period the juice is yielded, 
the tips of the flowering stalks must be cut twice a day. Occa¬ 
sionally, while the flow of the juice is going on, a dark spot appe-ars 
on the clean cut surface of a finger as the result of previous injury 
by the dcmta. The finger then ceases to yield juice, but the flow 
reappears when the affected portion is cut off. 

Flow oj the juice. The flow of the juice is apparently regulated 
by the heat of the day and the w’eather. Shady trees, as a lule, 
yield more juice than those of which leaves are cut. Careful atten¬ 
tion must always be paid to see that the juice-yielding bimches and 
stalks are protected as much as possible from direct sun’s rays. 
Weather is, perhaps, the most important factor in detennining the 
yield. Unlike the date-palm this tree ynelds juice at a time wlien 
sudden changes of weather are frequent. When the trees are in 
fuU inflorescence, diy west wnnds usually blow* and the tapping 
operations should, as far as possible, be done before tlu' weather 
has changed. Any bimches that survive the preliminary treatments 
and begin to yield juice at this dry weather, are expected to yield 
copious quantities wlien the atmosphere becomes humid. If, 
however, the operations are done in moist weather with damp east 
winds blowing, the juice, though at first abundant, is liable to 
diminish considerably and cease altogether when a cliange lack 
to a dry wind and high temperature, lastiiig for days together, 
takes place. A reference to the pelds of the trees 8, (v) and S* (v) 
will make this clear. These were male trees tapped for the first 
time, just when some local showers of rain liad caused the previous 
iiy weather suddenly to change to a moist one. The collections 
were good at first, and up to the time when the maximum day 
iemperature was not higher than 100°F., but as the heat increased 
ind the temperature remained very high for three days together, 
X sudden diminution of the quantity took place from 2,200 gnn. 
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(in tree 8,) on the 8th May to 300 grm. next morning and to almost 
nothing afterwards. Compare this with the results’'of SiF, which 
was tapped earlier and in the dry season. The latter was yielding 
profuse quantities when the two former dried up. 


Table oj yields. 



8,(v) 

S,(v) 

SiF. 

Maximum 

tempura- 

ture 

Minimum 

tempera¬ 

ture 


gna. 

grm. 

jrrm. 

•F. 

•F. 


2.8W 

1,030 

2,400 

840 

6,300 

3,400 

90 

100 

74 

75 

»"■ “■I'lKi' 

2,900 

2,000 

6,600 

83 

71 

1,200 

680 

.3,400 

IIX) 

78 


3,000 

1,600 

6,850 

80 

71 

1,800 

740 

3,700 

103 

76 

“«1 fcft 

3.000 

1,250 

7,800 

97 

71 

1,600 

670 

4,100 

109 

79 

“•■'{KiSf 

2,200 

340 

7,950 

96 

73 

.550 

nil 

4.800 

120 

76 

“■ ::: j 

300 

nil 

7,650 

93 

65 

nvelieible 

nil 

4,800 

115 

87 

>"“■ ::: i 

1 

nil 

nil 

7,5.50 



nil 

nil 

4,700 

123 

87 


Our experiments were carried on with 17 trees of which ten had 
never been tapped before and a few of the latter were also not suffi¬ 
ciently sliady. As a result, we did not obtain a very large quantity 
of the juice, but learnt enough of the habit of the tree to arrive at 
the following conclusions: The quantity of the yield is different 
with different trees. Of the trees which were tapped for the first 
time, a goc»d many yield no juice in the first year and others yield 
only a small quantity at first, but in two or three } ears they improve 
and then begin to yield the maximum they are capable of. In 
good trees a quantity of 5,000 to 7,000 grm. of juice, morning and 
cvenuig, mn be expected in the beginning, i.e., from the middle 
of April till the end of May. In Jime the flow begins to diminish 
gradually to about half the quantity, and finally in the beginning 
of July the yield dwindles down abruptly to a n^ligible quantity. 
There are male trees which give out a second inflorescence and yield 
a second crop of juice, and there are also some female trees in which 
the juice comes out after the fruits have grown b^ and some in 
which when the fniits are nearly ripe, but as their number is not 
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very great, they have been left out of account. When a tree ia to 
be tapped care Should be taken to leave out of account those bunches 
which are not shaded from the direct rays of the sun and are thus net 
kept cool. As has been said, too high a temperature of the flower¬ 
ing stalks or bunches hinders the flow of the juice. One will very 
often come across trees almost denuded of leaves by poor people 
who cover their huts with them in the absence of more expensive 
straws. Such trees should best be left alone. 

Collection oj the juice. The collection is made twice a day 
morning and evening. The evening collection, which consists of 
the juice yielded during the day, is necessarily much smaller than 
that collected in the morning on account of the high temperature 
during the day. In the date-palm, all the juice of any one tree 
collects in a single pot, but in the palmyra palm, the number of 
collecting pots attached to a tree depends upon tlie number of 
juice-yielding flowering bunches or stalks, and it is a common sight 
to see five, six, and even eight pots attached to a singletree. The 
juice-collector fixes in his waist-band or belt a hook from which as 
many as six or seven hhnis or pfjts can be conveniently suspended, 
and the man feels no difficulty in climbing up the tree with the 
pots hanging from the hock behind (Plate III, fig. 2). As the 
juice-yielding season coincides with the hottest part of the year 
the juice seldom reihains fresh if collected in pots without any 
treatment. As the practice in Bibar is to collect the fermented 
liquor, the pots are purposely kept dirty with even yeast added 
so as to present conditions as favourable to fermentation as possible. 
Experiments have been conducted in Bengal with -pots variously 
treated for the collection of fresh date-palm juice.^ It was found 
that smoked pots preserved the juice when the temperature was low, 
but pots the inside of which was coated with lime could be relied on 
at all temperatures. Even in Bihar, with the palmyra palm, we 
found that early in the season, at low temperatures, the juice in 
smoked pots gEive a sucrose content, often comparable with, and 
at times higher than, that in limed pots. The juices in the limed 

* Memoir* of the De^rtment of Jgricutiwe in /tuUo, OAemieal <Ser««, ToU V, no J. 
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pots,, hovrever, kept remarkably fresh at the highest day temper¬ 
ature and there was no sigp of inversion, the amount of glucose, 
found at any time, being practically negligible. Little changes 
were observed in the composition when the limed juice was kept 
overnight. This preserving action of lime is, however, not shared 
by the carbonate. The juices collected in the pots coated with a 
thin paste of finely powdered chalk were mostly fermented during 
the day, and were so slimy that no readings could be taken to find 
out what amount of sucrose was still left. 

The loss of sugar due to the combination of lime with sucrose 
is not much. The exact amount was not, however, measured. The 
limed juice, on standing, gave a clear yellowish liquid with flocculent 
white precipitates settled down, much of w'hich consisted of un¬ 
changed lime from the linings of the pot. When, however, coarse 
grained lime was used, i.e,, lime which w’as not very well slaked, 
the precipitate refused to settle down and a clear liquid was not 
obtained. This wns witnessed also w’hen the juice was compara¬ 
tively poor in sucrose, especially when the juice, owing to an in¬ 
sufficiency of lime, had just begun to ferment. The reason in the 
latter case probably was that the calcium saccharate formed was 
breaking up by the action of carbon dioxide evolved during the 
fermentation, and the milky appearance of the juice was due to 
the fuiely divided lime compound which took long to settle down. 
The lime used should therefore be well slaked and a too great excess 
should be avoided. 

Composition oj the juice. Fresh juice lias a swaet smell and 
an alkaline reaction. Fermented toddy is a dirty foul-smelling 
liquid, contain.mg, among others, a large percentage of acetic acid, 
so that it can be of value as a fruitful source of vinegar. The 
percentage of sucrose, average 12 5 per cent., is remarkably constant 
throughout the season, and did not show a tendency to increase a s the 
yield diminished. Unlike the juice from the date-palm of w’hich the 
day juice is apparently richer than the night yield^, no appreciable 
difference is perceptible in the day and night collections, 


Mmoirt of Iht Dtparlmtnl oJ Agrievltwt tn India, Chemical Series, toL V, no. 3. 
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notwithstanding the fact that the yield dining the day is 
considerably lower than during the ni^dit. Whatever difference in 
richness has been found can be accounted for as being due to the 
greater evaporation during the day and the consequent greater 
concentration of the day juice. The similarity of the day and 
night juices is illustrated by the table below;— 


Tree 

Date 

Field 

Sucrose 

Rxmabkh 



Krm. 

Per cent. 



FeualeFn .j 

25-M8 

E 3,000 

12-70 

E 

Da; juice collected 

2^6-18 

M 3.700 

13-45 


in the evening. 

Males, ... .. 1 

29-5-18 

E 2,950 

14-16 



30-5 18 

M 2,22.i 

13-13 

M 

Night juice collected 

Female P, ... ...| 

1-6-18 

2-a^l8 

E 4,100 

M 4,500 

13-12 

12-46 


in the morning. 

Hales, ... ...( 

6-6-18 ■ 
6-6-18 

B 1,400 

M 2,700 

15-76 

]4-.‘t9 



Female F, ... ... | 

8 6-18 
a-6^18 

B 1,700 

M 1,800 

13-01 

I3-2<» 



Males, ... .| 

12-6-18 

E 1.900 

12-05 



13 6-18 

M 2,050 

14-00 




It is also evident tliat there is nothing to choose between a 
male and a female tree hx point of richness of the juice, and nothing 
has been found by us to confirm the popular belief that male trees, 
as a rule, yield more stimulating toddy tlian females. The juice- 
yielding period is also the same in both. 

Gur. When the supernatant clean juice from limed pots is 
decanted and boiled, the (crude sugar) obtained, has, on account 
of its containing lime, a caustic taste, and is, therefore, unsuited 
for direct consumption. On, however, passing a slow current of 
carbon dioxide until all the lime is precipitated, and then boiling the 
filtered juice, the gur obtained is highly sweet and j^latable and is 
remarkable for its lightness of colour and flavour. It is suggested, 
as in the analogous case of the limed juice of the date-palm, that 
citric and tartaric acids or the water extract of uixripe tamarind fruits 
may precipitate the lime, and, when used in proper quantities, give 
the juice a proper acid reaction so necessary to impart a light colour 
to the gur. In the latter case, it would make ^fw-making from 
palmyra palm within easy reach of aU. The ash content of the gur 
lies between 2'6 to 3‘0 per cent., and, on account of its containing 
deliquescent salts, even the driest gur absorbs moisture in moist 
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weather. This property goes against the keepii».g qualities of the 
gw, as it is then liable to get fungoid attacks.^ the gw will be 
made in the dampest season of the weather, this difficulty of pre¬ 
serving the gur is a serious drawback against its commercial success. 
On the other hand, bmed gw, i.e., that made from the juice from 
which lime has not been removed, keeps wonderfully well. Though 
unsuited for being used as such, such gw can be used in the refin¬ 
eries for makmg white sug^r. The removal of lime by the in¬ 
troduction of carbon dioxide or an acid involves a loss of sucrose 
in the gw. Samples obtained by us by directly boiling the limed 
juice contained approximately 85 to 88 per cent, of sucrose, while, 
when lime was removed from tlie juice, the sucrose content of the 
gw averaged only 80 per cent. As much as 58'7 percent, of white 
sugar has been obtahied from a sample of limed//ur from the date- 
palm juice.^ Similar, if md better, results can fairly be expected 
hen; also. Chances of inversion and of fermentation are greater 
in the date-palm juice before it. leaches the pot, as the exposed cut 
surface of the tree is large and the pot too lias a wider open mouth. 
Here only the tips are cut an.d the ex|K»sed surface is well inside 
the pot and thus protected from the sun, while the mouth of the 
pot is narrow and almost closed by the bunches. 

As the production of palm sugar from the wild date-plms in 
Bengal has so far been satisfactoiy and as improvements are being 
suggested which are expected to yield still better results, it can be 
said, with sufificient fairuess, that the palmyra palms in Bihar 
might be fnutful som-ces for the manufacture of cheap white sugar 
and that the industry is w'orth giving a trial. In Madras and in 
Burma, these palms yield a not inconsiderable quantity of sugar. 

* Mmoin of the Deparimtnl of AgrienUure in India, Chemical Series, vol, V, no. 3, 
p.97. 



SOME FAMINE FOODS IN AHMEDABAD. 


BV 

G. V. PATHAK, B.Ao., 

District Agricultural Overseer, Ahmedabad. 

In the west of the Ahmedabad District, or, to be more precise, to 
the west of the Sanand and Dbolka talukas and to the south of 
the Viramgam taiuka of that district, there lies a large depression 
locally termed the nal. This area is waterlogged and contains 
usually a large lagoon, and has a length of about eighteen miles 
and a breadth of five to six miles. The villages lying on the border 
of this waterlogged nal are termed tli.e nalkantha. 

The nal itself lies low, and receives nearly all the drainage from 
the three talukas named during the moixsoon, and at that time 
forma a large lake. The bordering areas are composed of somewlmt 
low-lying flAt lands (kyari) used almost entirely for rice, of higher 
black cotton soil usually considered suitable for twgad cotton and 
for unirrigated wheat, and of a certain proportion of light land 
termed thalian, suitable for jowar (Sorghum vulgare), hajri (Penni- 
setum typhoideum), pulses, and til or sesamum. "Tlie subsoil over 
most of the area is a yellow earth, impervious to moisture, and the 
soil is usually somewhat salt with rather brackish subsoil water. 
The cultivators are chiefly Talabda Kolia, Nadoda Rajputs, and 
Girasias. The cultivation in the nalkantha is fairly good, and the 
returns in an ordinary year are suflScient for the people. In years 
of deficient rainfall, the tract suffers badly from want of food and 
fodder. 

Under these ciroumstances the cultivators, and especially the 
poorer cultivators, have turned to the nal itself for the n^ns of 

( 40 ) 
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supporting life, both for themselves and their cattle, and have 
utUized several materials, an account of which njay p*rove interesting. 
Those of which I propose to write are— 

(1) Bid or the rhizomes of the sedge Sdrpus kysoor, Eoxb. 

(2) Theh or the rhizomes of the sedge Cyperus bulbosus, Vahl. 

(3) PoU of pan or the inflorescence of Typha angmtcda, Bory 

and Chsub. 

(4) The tubers (kanda) and (5) the fruits (lampdi) of poyana 

{NympJma stiUata, Willd.). 

Of these the most important would seem to be the rhizomes 
of the bid plant, a common sedge in the brackish nal. The name 
bid is really given to the rhizomes, while the aboveground portion is 
termed gundari. In ordinary j'cars the milch cattle eat the grassy 
portion of the sedge when green during the cold weather, and it is 
also employed for thatching the houses of the poorer people. The 
use of the rhizomes as food and fodder is no new thing. Watt^ 
says, in fact, “ The roots are dug up in large quantities in the cold 
weather, sliced and eaten uncooked by the natives of many parts 
of India. They are sweet and starchy, and are considered cooling 
and higlily nutritious.” This year the use of them in the nalkardha 
has, however, been far more extensive than usual. 

In order to obtain them, when the water in the nal dries up, 
the land is dug witli liand picks or hidalis. Then the big clods are 
broken down with a wooden liammer, and the bid with the roots 
attached is taken out and heaped into a long ridged heap, covered 
with the dried gundari and other materials. These inflammable 
materials are then ignited in order to burn up the roots adhering 
to the hid rhizomes and to facilitate the removal of the attached 
earth. The process of covering and burning is repeated, if necessary. 
The resultant product has been sold at eighty to one hundred pctmds 
per rupee during the present year. 

The product is not yet, however, free from earth, and hence, 
before feeding to cattle, the material is steeped some time in water. 
This removes the earth and softens the rhizomes, so that when the 


> •• Dictionary of Kconomio Products of India," voL VI, part 2, page 481. 
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latter have been beaten by a heavy stick to break them up, they oan 
be eaten easily' by .cattle. The soaking is also of advantage in pre¬ 
venting a loss of the flour contained in them, which would otherwise 
certainly be partly washed out. 

^When the material is intended for human consumption, the 
digging up of the clods containing the rhizomes takes place as 
previously described, but the clods are left unbroken for several 
weeks. Thus the rhizomes are dried up thoroughly in the soil and 
become sweeter to the taste. Then the small rhizomes are sepa¬ 
rated as described above, and are collected and dried in the sun for 
four or five days. They are powdered on the ordinary household 
powdering stone and sifted through a cloth to separate roots and 
fibres. The dried rhizomes yield about sixty per cent, of flour. 
The flour is mixed for use either with wheat or barley flour to the 
extent of from twenty-five to fifty per cent., and the mixture 
(locally called setaru) nuide into loaves. 

On analysis the materials gave the following figures ;— 

(а) Bid rhizomes preptired for cattle focnl. 

(б) Bid rhizomes pre|mred for human food. 

(c) Bid rhizome flour, for human food. 



a 

b 

c 


o/ 

O.' 



/o 

/o 

/o 

Moisture 

•THO 

.3-00 

3-45 

Ether extract (fat) 

0-90 

0-86 

0-65 

Proteid* 

TX 

11-81 

8-78 

DiKestible carbob;drat<» 

... 62-69 

69-78 

78 82 

Woody fibre .. 

... U-CT) 

9-65 

3-10 

Ash 

... 1»*1« 

5-10 

S-iO 


100-00 

100-00 

100-00 

* ContaiDinK sand 

6-30 

~3-00 

0-23 


The second of the materials we are considering consists of the 
rhizomes of Cyperus bulbosm locally termed thek. Like that of the 
hid rhizomes the use of these is no new thir^. Watt (loc. dt.) notes 
that the roots are used as flour in times of scarcity, and eaten roasted 
or boiled. He states that when roasted these roots have the taste 
of potatoes and would be valuable for food if they were not so small. 
Balfour writes as follows:—“ Dr. James Anderson in an excursion 
in the southern part of the peninsula of India discovered that 
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Gyperua bulbosm, growing in sandy situation by the seaside, and 
requiring but little water, was the common food of the natives during 
a famine when other grains are scarce. It is nutritious, .pleasant to 
the taste, and makes a pudding somewhat resembling that made of 
sago.” On the same subject Drury notes that some dry the tqbers 
in the sun, grind them into meal and make bread of them, while 
others stew them in curries and other dishes. 

The thek plant naturally grows in the salt lands on the edge of 
nal. When this land is dried up it is divided into small beds ; water 
Is then let in and the bed is dug up under water. Under these 
circumstan.ces the th^k roots and tubers separate from the soil, and 
being lighter, float to the top of the water, ar.d are collected in a 
sieve nuide of grass. When thus collected, they are dried in the 
.sun, spread over the ground, covered with an.y available iixflammable 
rid)bish, and the latter burnt. 1'he nvUerial thus obtained is then 
beaten with a stick to remove the coverings of the tubers themselves 
and a fiiuil winnowing gives the fre.sh roasted thek. The thek thus 
prepared i.s u.sed as a sub.stitute forywmr either on fast days 

or it is sent to nuirket an.d used by town and (dty people as a novelty. 
It (Kumot be kept long, as it quickly goes had. 

When used for loaf-nut king the prtxceas is different and the 
tubers as floated out of the ground are only dried completely in the 
sun and not burnt or roasted. Itnuay then be used alone or mixed 
witli eitlier wlxeat or barley flour. 

Tlie third phmt whose u,se for food in the mlkantha has come 
specially to notice duruig l.lie present famine season is the common 
nymphea water-lily of the ml, kn.own locally as poyam. Little 
seems to have been recorded hitherto of this material, but it has 
been largely employed in the pre.sen,t season as human food in two 
forms. The fiist of these consists of the tubers ofthepayam plant, 
termed hmda, which are r(»asted ijx ashes in exactly the same way as 
is doixe with onions or potatoes, and consumed in this condition. 
Though this is the usxial method ol comsuraption, yet the tubers are 
also prepared by boiling in the manner usual with other vegetables. 


’ BoMted green jowar. 
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The second part of the poyam plant used as food consists of the 
fruits, termed‘fcmpan, or jitolan, and the seeds termed lampdi of 
tampan. In order to prepare the seeds for use, the fruits are collected 
and dried in the sun for three or four days. The seeds are then 
gat)iered, and cleaned of refuse by the usual method of the sup 
(winnower), and are finally milled into flour. The flour so pre¬ 
pared is mixed with wheat or barley flour to the extent of twenty- 
five to fifty per cent, and made into bread as usual. The taste 
is unpleasant and the smell is objectionable, but the bread made 
is very light. 

The analysis of the tubers and seeds of poyana gave %ures as 
follows:— 

a b 




Dried 

tuber* 

Seeds 



% 

0/ 

/O 

Moisture 


4-20 

5-40 

Ether extract (fat) 


0-48 

1-30 

Protoidt 

... 

14‘66 

n-31 

Digestible oarbohjdratee . . 


... 67-19 

70-69 

Woody fibre 


5-45 

7-45 

Ash 


7-85 

3-08 



100 00 

100 00 

Gootaining laad 

... 

0'28 

0-15 

The poli of pan, derived, as 

already stated, 

from the fibrous 


rush Typha angusiata, consists of the pollen from the inflorescence 
of this plant, which is used as flour. Its use for this purpose lias 
been frequently recorded. It is stated to be commonly employed 
in Sind, and it has certainly been eaten in various parts of the 
Bombay Presidency in previous famines. The method of use in 
the nalkantha is to collect the inflorescence in the morning when 
there is no wind, and then to rub the pollen off on a cloth. The flour 
thus obtained is moistened with water and made into cakes termed 
dhoJcalan, which are wrapped in cloth and then roasted over a 
heated brass vessel. The cakes are sweet, yellow in colour like 
turmeric, and are quite palatable as human food. 











A FEW HINTS ON LABELLING IN 
EXPERIMENTAL STATIONS. 


BY 

T. S. VANKATARAMAN, B.A., 

Ag. Government Sugarcane Expert., Coimhatore. 

In every farm where experimental work is being carried on, a 
quick, clieap and efficient system of labelling is often of very great 
importance. Occasionally <Mie comes across farms where there are 
practically no labels in. the field, and the officer in charge has to 
unroll each time a parclunent scroll in which the plans of plots and 
other details are fully entered up. Besides the waste of time in¬ 
volved in the process, the visitor, especially if new, always feels 
some uncertainty that, iji the jjarticular instance, the plan has 
})erhaps not been correctly interpreted with reference to the plots. 

Tlie ideal would appear to be to give in the labels as much 
il^fo^n^ation as possible. This will enable the visitor to obtain a 
general idea of the nature of the experiments being carried on 
without much help from the staff Avho may not be always available. 
Again, the members of the staff would be enabled to form certain 
ideas as to the various plots without always having to carry with 
them bulky n.otes and diagrams. It is a matter of common 
knowledge that while taking an evening stroll along the plots 
certain ideas force themselves on one’s attention much more readily 
than when the plots are examined with the idea of “ study.” On 
such occasions the use of plot labels with full details is obvious. 

Owing to the very large number of varieties that are planted 
at the Cane Breeding Station each year—of late we have been 
planting as many as 2,000—the need was felt even from the outset 

f ^.5 ) 
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for a cheap and efficien.t system of labelling. In fact, it is felt that 
the absence of'an efficient system of labelling has been a fruitful 
source of mistakes in naming in the past. It was further found 
that the requirements at the Cane Breeding Station were of a varied 
character, and differer.t types had to be evolved to meet all the 
requirements. 

One of the earliest to be tried was the type represented in 
Plate rV. These labels consist of pieces of deal-wood from (»ld packing 
c-ases thinly coated over with white paint and nailed to bamboo or 
ron uprights. They are easy to write over with pencil, and retain 
the impressions fairly well for over a year. The deal-wood boards 
can be used over and over again by merely’' cleaning the surfaces— 
occasional sand-papering or planing being required in ca.ses whore 
the surfaces are badly injured—and recoating with white paint. 
The picture opposite (Plate IV) is a p]iot(»graph of labels of this class. 
Nos. 1 and 2 are fresh liaving been in the field only 2 to 3 montlts, 
No. 3 is 4 months old. Nos. 5, 6 and 7 over 14 months, and No. 4, 
18 months. No. 8 represents what nuty be called a war-time label. 
With the scarcity of deal-wood boxes their prices rose very high and 
an attempt was made to use a thin slice of the bamboo rind with 
successful results. This label (No. 8) is over one year old and was 
quite satisfactory at the end of the period. 

The white paint used for coating these label boards is easily 
available from any bazaar and is sold ready mixed in kegs of 8 to 
10 lb. When freshly opened the paint is in a satisfactory condition 
and all that is required is to mix it with a little turpentine. If too 
much turpentine is added the coating shows a tendency to peel off 
in flakes. There are many brands in the nmrket, and the proportion 
of turpentine varies with each brajid aiid the condition of the 
contents when opened. This is, however, soon learnt by experience. 
To obtain the best results it is essential that the paint should be 
laid on the labels in a thin even layer. When, by frequent opening 
of the lid, the paint gets solidified small quantities of linseed oil 
have to be added and the paste well ground and mixed. Great 
care should be taken not to mix too much oil or else a glossy surface 
is produced on which it is difficult to write. Each keg of white 
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pjiiufc, sufficient to coat 800 label boards 6" x 3 }", which previous 
to the war cost Rs. 3-8-0, now cost Rs. 12. Xhe following state¬ 
ment gives the relative cost of the differeiit types of labels 
represented in Pkte IV. 

Statement showing the relative cost of 100 labels of the different types represented 

in Plate IV. 


Siies i 

Nature of itake 

Total cost 
per 100 

Remarkm 


i 

K. A. P. 


[.Abel 10' < 6'. 
Htakfl 4' hijrh 

Iron 1 

47 12 0 No renewal 
needed 

Inos. 1, 3 and 4 are of this 

Ditto 

Pieces of aroca- ! 
nut palm i 

9 0 0 3 8 0 

f class. 

Ditto 

Bamboo | 

7 8 0 1 12 0 


Ul.oI 6' ■: 
stako Oi' liiKh 

Iron 

23 8 0 No renewal 
needed 

1 

1 Nos. 2, u, 6 and 7 are of this 

Ditto 

Pieces of areca- 
nut palm 

.I 4 0 2 8 0 

j class. 

Ditto 

Bamboo 1 

4 2 0 1 .S 0 


Lal«}l . 1', 
stake 4' high 

1 

Bamboo j 

i 

10 0 These can be 
used only once 

No. 8 is of this type. The 
label board consists of a 
thin slice of bamboo rind 
in place of wood. 


Nok 1. This statement is Iwised on figures obtained when the 
Indian nuirket Avas unafl’ected by the war b\it the altered prices 
eliiefiy afT(>ct only those with iron stakes. 

Note 2. The gradual (lisji,j)pearance of the iron stakes led to 
their substitut ion by })ieces of the areca-nut j>alia or bamboo. 

Note 3. In the above .statement the cost of deal-wood boxes is 
included, but it is to 1)e iioted that odd bits of deal-wood are 
fretpently available in any large office. 

Note 4. The zinc liooil .seen over the label board in No. 1 is 
intended to prevent birds perching oji the top and disfiguring the 
label surfaces with droppings. 

Note 5. As a precaution against white ants, portions of stakes 
driven into the ground should be carefully painted with tar. 

It was found, however, that these deal-wood labels were not 
suitable where a certain amount of detail had to be entered up. 






48 


AGRICULTURAL JOURNAL OF INDIA 


[XV, I. 


This introduces us to a system of “ plot labels,” which have been 
found to be of grent use at the Cane Breeding Station. In 
examining each plot of seedlings, for instance, it was felt that it will 
be a great convenience to have in the field a plan of each plot 
together with a certain amount of infornuitioi> about the parents. 
Reference to lists or papers, while in the field, is cumbersome and 
liable to miss out important details. Plate V is a photographic 
reproduction of such labels. No. 1—Fig. 1, and Nos. 1 and 2—Fig. 2, 
are 6 months old, while No. 2—Fig. 1, and No. 3—Fig. 2, are over 14 
months old. The labels when laid dowm give an exiict plan of the 
plots against w'hich they are placed. These labels are prejmred in 
the following manner. The label is first WTitten w'ith pen or j)eneil 
on thin mounting paper or thin cardboard and subsequently dij)}K*d 
in melted jmraffin. Tlie jx'ii is not so easy to write witli as jicncil hut 
the labels are much clearer [Plate VI, fig. 1 (Nos. 2 and 3)]. Wiiite 
paraffin wax 135-140° F. is quite .suited for the purpo.se. The labels 
should be dipped in. jmraffin which has been melted for .some time, 

and taken out almost immediately. The 
right tem})erature is s<K*n learnt by ex})eri- 
ence. If too hot the label comes out brit¬ 
tle, and if not quite fullv and uniformly 
melted the ])aratfin shows a tendency' to 
.stick to the ])aj)er in odd jmtches. To 
economize (he quantity of piraflin and to 
avoid the labels liavin.g to be bent at the 
time of dipping -if thus bent the labels 
show' a tendency to return to this sha])e 
for a time -'it lias been found u.sefid t<» 
The vesdci used to melt employ a tin ves.sel shaped according to 

paraffin wax in. , , i i 

the sketch in the margin. 

Such a vessel, w'ith pieces of solid jmraffin in it, is immersed to 
below its mouth in a bucket of water and tlie water brought 
almost to a boil. This melts the jmraffin inside the tin ves.sel and 
keeps it in a liquid condition for a fairly long time. 

The labels after treatment with paraffin are fixed to label boards 
similar to those figured in Plate IV by means of eyelets and copjier 





EXPLANATION OF PLATE V 

These labels arennade of paraffined paper and are useful in (e-; wlicn- it is 
desired to enter a certain amount of detail on the labels. These are ui i.ec -d Lv 
sun or rain and can be washed with soap and water. 

No. 1 (Fig. 1), and Nos. 1 and 2 (Fig. 2), are over C months oli' 

No. 2 (Fig. 1), and No. 3 (i'ig. 2), arc over 14 months old. 

The paiafBning renders the labels shiny, a serious handicap to a succe-ssful 
photographic reproduction. The actual labels are much clearer. 

















































explanation op plate VI. 

Nos. 1 and 2 (Fig, 1) illustrate the efficacy of paraffining against the attacks 
of tho^ silver-fish. Both were hanging against a wall surface for over three years 
and No. 2 was paraffined. No. 3 (Fig. 1) illustrates the use of paraffined labels for 
seed-pans which require constant watering. 

Fig. 2 is a photographic reproduction of ground-gkss labels, the bottom one 
rc-written after 7 years’ exposure in the field and the top one as it was after 
this period. 
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tacks. Iron tacks are not satisfactory as they soon rust. These 
labels are not affected by sun or rain and oan easily be washed 
with soap and water if they get soiled with mud or dirt. Occa¬ 
sionally, during close moist weather ring-shaped outgrowths (prob* 
ably fungus) are seen, but these are easily kept out by occasional 
cleaning with dilute copper sulphate solution. In the preparation 
of these labels the cost of paper and paraffin is only nominal and 
the prices of the labels as already given in the statement hold 
good for these as well. 

Plate VI, fig. I (Xo. 3) shows this form of label as used for 
seed-pans at tlie Cai\e Breedir.g Station. In the earlier stages of 
germij’ation sugarcane seedlings require to be watered sometimes 
as oft en. as six 1 imcs during the day. The quality of being unaffected 
by water has made these paraffined labels very useful for the 
])iirpo,se an.d they are very’ cheap, costing le.ss than an anna per 
hundred. 

Another use of piraffin.ing is illustiated by Nos. 1 and 2, Fig. 1, 
Plate VI. The need often, arises to hang, again.st wall surfaces, 
])lans. tables, charts or notices of a permanent nature and in such 
conditioi's the silver-fish is very troublesome, frequently eating 
them so badly as to make them useless for reference. Nos. 1 and 2 
have been, hanging a gainst a vail, side by* side, for over three y'ears, 
and the effect of jmraffinu'g (as shown by No. 2) is very striking. 

A very n.cat ai'd permanent, though rather expensive, form of 
labelling is illustrated ii' Plate VI, fig. 2. Glas.sesare groui'd and 
the details written on the ground .surface by means of waterproof 
ink. The glasses are I'.ow backed with white j>aint an.d slipped into 
a zinc frame, the front beii’.g protected by an extm glass to prevent 
the rain getting on. to the label. Air spaces are provided behind the 
label glass, and in between the label and the front glass. The 
bottom picture represents such a label re-written after over seven 
years and the top one as it was after this priod. The front 
protecting glasses have been removed for purpo.ses of photography. 
Such labels are very neat, more or less permanent (perhaps requiring 
just a re-writin.g once in six or seven years), and their use as 
permanent labels in botanic gardens and museums is obvious. 

4 
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With 3Y iron stakes they cost Es. 2-8 each before the war. 
The ground glasses need not be purchased as such. Broken panes 
or washed negatives could easily be ground by rubbiag against one. 
another with finely sieved wet sand in between. 

"niough it first appears simple yet the position of the label in a 
plot is of some importance. In many of the farms the label is 
placed in the centre of the variety to which it refers and it is often 
difficult to say where one variety ends and anotJier begins. At 
the Cane Breeding Station the label is always fixed at the left hand 
bottom comer of each plot. 

This article is baaed on experience in labelling gained at the 
Botanic Gardens, Coimbatore, and the Cane Breeding Station during 
the last ten years. I am indebted to Dr. C. A. Barber, C.I.E., 
Government Sugarcane Expert, for help and advice in the course of 
this work. 



THE IMPROVEMENT OF FRUIT PACKING 

IN INDIA. 


BY 

ALBERT HOWARD, C.I.E., M.A., and G. L. C. HOWARD, M.A., 
Imperial Ecwomic Botanist; Second Imperial Economic Botanist.. 

When the Quetta Fruit Experiment Station was established 
in 1911, one of the main items of the programme of investigations 
was tlie liest means of improvii’.g the packing and tran.sport of the 
fruit prtjduced in Baluchistan. The earlier results were published in 
1913 in Bulletin No. 2. A second revised edition was printed in 
1915 ajul during the present year, 1919, a third edition has been 
called for. In the present paper it is not proposed to repeat the 
(uuitents of the.se bulletins but to direct attention to the main 
results obtained and to refer briefly to certain general principles 
which have emerged from the work. 

Improved fruit boxes were first placed on the market at Quetta 
in 1912 when the .sivles reached Rs. 700 in value. The demand 
rapidly iiujreased during 1913 and 1914 and in 1915 boxes to the 
value of Rs. 5,000 were sold by the middle of the season, by which 
time the available stocks bad disappeared. During the three 
siicceedii)g years, 1916-18, the provision of adequate supplies 
became difficult due to high prices, to the shortage of timber and 
to the railway restrictions in force throughout India. The work 
however was continued and the sales reached Rs. 8,000 during the 
present year (1919) although the stock of the popular non-returnable 
crates was exhausted early in the season. 

In 1919, the Frontier fruit trade laboured under many dis¬ 
advantages. The war with Afghanistan was in progress and for 
a time the supply of Kandahar fruit stopped altogether. The 

( 51 ) 
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border was dijsturbed, raids were frequent, and delays on the 
railways were unavoidable. That the sales of fruit boxes reaohed the 
highest point under such adverse circumstances speaks tor itself. 

Two railway concessions have proved of material advantage 
in the introduction ot modern packing methods among the fruit 
dealers. In 1916, the Railway Conference Association agreed to 
our proposals that all parcels, including fruit, should be grouped 
for purposes of charge and that four types of returnable boxes, 
recommended by the Fruit Experiment Station, should be returned 
free from all stations in India to Quetta and Chaman. These con¬ 
cessions are now being very generally utilized and they have greatly 
stimulated the use of the 24-punnet returnable grape crates and 
of the cardboard peach boxes. 

Seven types of fruit boxes are now on sale at Quetta. For 
peaches, nectarines, cherries, apricots and plums, three .sizes of 
compartmented cardboard boxes have become popular. For the 
grape trade, the 2-lb. punnet is the unit adopted. The.se are set 
up in crates holding 8, 16 or 24 punnets arranged in tiers separated 
by lath floors. One of the returnable 24-punnet grape crates is 
shown in the figure below. 



A 24-puDMt returnable crate. 


About a thousand of these returnable orates were sold during 
l|19, the retail price being Bs. 6-8 each. This is a high price to 


IHS lidP&OVE^Kt OF FBUIT FACSHfO IN iNOlA 

pay for a fruit box considering the fact that the ordinary baskets 
and boxes in use can be purchased for a few pence. The dealers 
^adily pay cash for these expensive ciates and the only difficulty 
is to assemble sufficient to meet the demand. The advantages of 
packing the grape crop direct into punnets in the vineyards, are 
now being recognized and the large returnable crates supplied by 
the Fruit Experiment Station are a common sight on the roads 
leading to Quetta. Already the larger dealers are considering the 
question of getting this type of package introduced into the vine¬ 
yards of Kandahar. 

There is no reason why the strongly made standardized return¬ 
able fruit package should be confined to Baluchistan. The principle 
could be easily adopted in the North-West Frontier Province, in 
Kashmir, in Kulu, Kumacu and in other parts of India. The 
Railways have shown their willkgness to assist, by means of valuable 
coi.cessioi..s, the efi'orts made to improve fruit packin.g in Baluchis¬ 
tan, and there is i.o reason to suppose that equally effective 
assistance would r.ot be given to oiher fruit-growing localities. 
Ihe i.oj.-rigid type of fruit package of the basket type is r.ot 
adapted for loi;g journeys under Indian conditions and its place 
should le taken by leturr.able boxes and crates by which the 
carryij g capacity of the railway vans can be greatly increased 
and by which the traffic can be more easily handled. By such 
methods, the product reaches its destination undamaged and 
therefore comuuu.ds att enhanced price. 

Our e.xperience in removing the disadvantages under which 
the fruit trade in Baluchistan formerly laboured and in establishir.g 
modern methods of fruit packing has brought out tw’c thii-'gs—the 
rate at which time-honoured practices and ideas change in India, 
and the importance of time and patience in implanting a new idea. 
When m 1911 we commei.ced these investigations, 'we were told 
on aU sides that cheapness was the first condition of success in 
placing new packages on the market. We were constantly reminded 
that the grape ba skets and old keiosine oil boxes then in use were 
cheap and that they could be puichased for very small sums. When 
the 24-punnet returnable grape crates were first brought to the noi 
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of the dealers, Jbhey were considered too expensive and altogether 
unsuited to the conditions of the local trade. A few of the more 
advanced merchants, however, agreed to try them. The grapes 
were found to travel perfectly even to places as distant as Madras. 
A change in the attitude of the trade then began to make its ap¬ 
pearance. A demand from the more advanced cities like Bombay 
that Baluchistan grapes should be packed in punn<it.s followed 
and from that time success has been assured. The difficulty has 
been to meet the demand rather than to sell the crates. Nothing 
is new heard about the cost. 

Time is a factor in India in the introduction of new methods, 
to which insufficient attention is often paid. This is specially 
important where trade is concerned. Dealers of all kind.s have 
little leisure and practically all their working hours are spent in 
details connected with purchase, sale and finance. Particularly is 
this the case with the Frontier fruit dealers whose output of work 
during the fruit season, considering the means at their disposal, is 
extraordinary. They have absolutely no time for experiments or 
for anything else beyond the day’s work. To reach such men, 
patience is essential and they must be given ample time for new 
ideas to sink into their consciousness. 

This experience proves that too much attention can be paid 
to the first ideas of the people of India towards new methods. 
They are certain to be frankly sceptical at first and to exhibit that 
conservatism which is so valuable in protecting the race from 
disaster. Tire inventor must therefore be prepared lor this and 
when he is fortunate enough to discover a real improvement and 
the best thing possible under the circumstances, he should 
resolutely persist in keeping it before his public year after year. 



Stltctti Sttictes. 


PLANT-BREEDING AND TROPICAL CROPS.* 

BY 

W. BATESON, M.A., F.R.S., 

Director of the John Innes HorticuUural Institution. 

Knowledge of what can be done by scientific plant-breeding 
in the improvement of varieties is gradually, though very slowly, 
spreading among those engaged in the raising of vegetable products 
commercially. In Europe and the United States, work, both 
experimental and directly economic, is being undertaken on a 
considerable scale. The most vigorous and extensive of these 
enterprises are naturally to be found in temperate countries where 
the prosecution of science is endemic, and of necessity it is to the 
products of such countries that attention has been chiefly devoted. 
The crops of these regions, however, have already with one or two 
exceptions been put through several stages in the process of 
improvement. Most of them have been in the care of man for long 
periods of time, their cultivation being indeed one of the earliest 
signs of incipient civilization. Such plants as wheat, maize and 
the other cereals, the grape, the olive, and our garden fruits have 
been so long the subjects of human attention and effort that, though 
certainly new and better types may still be created, no advance 
comparable with that which distinguishes them from their nearest 
wUd relatives can be expected. Of the exceptions among these 
very anciently domesticated plants, flax is by far the moat 
remarkable. Though so long in cultivation that its wild origin is 
uncertain, its improvement seems to have stopped before history 
begins. When a plant has no thoroughly distinct and named 
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varieties we may be pretty sure that it has been negJeoted by the 
0 

breeder. 

Domesticated flax (lAnum usiiatissimum) has been separata^ 
into two distinct groups, those for oil and these grown lor fibre. 
There are several forms of oil flaxes, in all probability recently 
differentiated, but fibre-flax, at least as grown in V-jiropc. though 
sold under various names according to the place where »he seed was 
raised or whence it was shipped, shows only tiifling differen.ces. 
If any field of flax is examined plants will be foimd, perhaps ore in 
many thousands, which are about a third as tall again as the 
ordinary plants. If the flowers of these tall plants are covered 
to exclude insects, their seeds w 11 be found tp give exclusively 
tall plants like the parents. Flax is commonly a splf-f^rtihzh'g 
plant, and all that is necessary to the fixation of such an improved 
variety is to breed it in conditions of isolation until a bulk ol seed 
sufficient for economic purposes has been raised. 

The improvement of a plant is to be achii vod only by the 
deliberate act of man. Each such act is in its degree ol the rntuxe 
of an invention. The ordinary man is content with the type he 
finds. He is devoid of imiigiiation and unable to free himself 
from the limitations of conventional practice even to tlie very 
moderate extent necessary for the application to a new example 
of methods long ago developed in otluT case,,. In order to improve 
the familiar and long cultivn.ted plants two distinct kinds of inter¬ 
ference are generally necessary. The new variety iuis noi only 
to be selected and multiplied but very often it nrust first be created. 
This is a much more complicated operation. Laymen still vaguely 
suppose that improvement is a mere incidental consequence of 
prolonged cultivation. Almost all novelties, however, are really 
the result of an act of cro.ss-£ertilization between distinct types. 
The novelties do not usually appear in the offspring immediaiely 
resultuig from the cross, but in the Liter, derivative generations, 
sometimes by recombination of elements which the parents res¬ 
pectively introduced; but sometimes, and perhaps more often, 
a process of disintegration of the elements supervenes, which leads 
to the production of inter-gradations possessing new properties. 
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To this disintegrative process, for example, the betuitiful'series of 
Sweet Peas, which have been such an astohishing addition to 
horticulture, is almost wholly due. To carry out these operations 
and turn them to account is a very intricate business. 

The object of this paper is to attract the attention of practical 
men to the immense field of profitable activity which is open in 
the improvement of many exotic crops by the simple selection of 
valuable types already existmg. 

•That this has been so long deferred seems to those accustomed 
to handle plants truly amazing. The profits to be gained by the 
fi-xation of improved varieties are incalculably large. No one plants 
an orchard by sowing seeds of any tree which can be called a plum 
or an apple, regardless whether it be a sloe or a Victoria, a crab, a 
Cox’s orange, or a BranJey. Yet thousands of acres of rubber 
and coconuts are sown in a fashion of which this description is 
scarcely a caricature. It is to crops of this order, plants which 
are grown from seed and have only been deliberately cultivated by 
civilized man for comparatively short periods, that these comments 
especially apply. 

Coconuts and dates are both the fruits of palm trees. Of 
dates there are scores of named varieties, but coconuts are just 
coconuts.* What is the reason of this strikii.'.g difference i 

It is a consequence of the fact that whereas coconuts are all 
grown from seeds, dates, whenever they are cultivated by intelligent 
people, are giown from off-shoots. The off-shoots provide a means 
of vegetative reproduction, so that all the plants raised from 
the ofi-slioots of one tree ate pieces of one individual and merely 
replicas of it. In the course of ages many good date-palms with 
various fine properties have been noticed and multiplied in this 
way, so that large uniform plantations of them exist. In Mexico, 
I understand, dates are grown from seed, with the result that the 
crop has no imiformity, and, consisting of good and bad indifferently 
mixed, is comparatively worthless. Such a crop cannot compete 
with the produce of a properly constituted plantation. Coconut 

: •.* ,gjn|r»o„8qn»o mjJerfqoUy 
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palms, like almost all plants, differ enormously, some individuals 
producing many, others few fruits, and the differences in quality 
are doubtless equally great. It is true that no one has, I beliefe^, 
yet succeeded in multiplying the coconut palm by division, but l’ 
doiibt whether really exhaustive experiments have been made 
with this object in view. Assuming, however, that the coconut 
cannot be vegetatively multiplied, and that it must, as heretofore, 
be raised from seed, the next best course is to make certain that 
the nuts used for sowing are the produce only of specially selected 
trees. In the C4ise of coconuts planters are mdced advised to 
choose nuts from good trees, but they seem to think that they 
have done all that is requisite when they have selected them from 
the best mothers, no effort or inquiry being directed to the 
paternity of the seeds chosen. Whether this plant is wrpable of 
self-fertilization has probably never been, determined. The male 
and female flowers, though near each other, are separate and 
it is not unlikely that by the males and females coming to 
maturity at different times, or by some similar contrivance, a 
considerable percentage of crossing is effected. 

No very serious labour v’ould be needed to ensure tliat nuts 
chosen for planting were not merely borne by first-class trees, but 
the result of pollination either from the stime tree, or perhaps pre¬ 
ferably from others equally good. To accomplish this would 
be no very difficult undertaking. It is to be remembered that 
the plantation is to be cropped for some seventy years. With 
this long prospect in view it seems scarcely credible that such 
obvious precautions should be neglected. 

If coconut were a European plant we should ccrtamly have 
varieties differentiated for the production of copia, coir, etc., respec¬ 
tively, but such finesse in the circumstances would be premature. 

Rubber is another product to which what has been said regard, 
ing coconuts conspicuously applies. I am speaking, of course, 
of rubber as produced by the cultivation in various tropical coun¬ 
tries of Hevea brasiliensis. One has merely to walk through a 
rubber plantation to perceive the urgent need for selection. The 
rubber trees are all raised from seed, just as coconut palms are. 
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with the same result, that good and bad and indilierent are all 
grown together. Each takes the same area of the clearing prepared 
'vdth great labour for the plantation. Each needs the same atten¬ 
tion and care, but the output of the several trees is altogether 
different. In a recent discussion on these subjects at the Koyal 
Society of Arts, I ventured to call attention to the opportunity that 
was beii’g missed by rubber planters, pointing out that if planta¬ 
tions were planted with only the moderate amount of care which 
ordimry selective methods demfind,.the output might be rapidly 
increased. In reply, the Ctuiirman, a gentleman largely interested 
in rubber, stated that there w'as no direct evider.ee of a great 
variation in yield amoi'.gst different trees, and that in consequence 
the use of seed was not objectionable. I had in mind, however, 
not merely v<*rbal reports of persons familiar with rubber-growing, 
but .several precise records giving actual measurements. For 
example, W. H. Johnson {Cnlture and Preparation of Para Riibber, 
1909, p. 27) states that “the yield of rubber from different trees 
growing under similar conditions in the same plantation varies to 
an enormous extent.'’ He further quotes experiments of Vernet 
{Jour, d' Agric. Tropicale, 1907) which gave difleren.ces ranging 
between the following extremes : in volume of latex, from 4 to 48 ; 
in percentage, caoutchouc from 29’28 to 39’74. 

R. H. Look (Rubber and Rubber Planting, 1913. p. 74) wrote: 
" It is w'ell kn.own, t hat rubber trees possess marked u?.dividuality 
as regards the amount of latex which can be drawm from them. 
Tapping coolies, if left to thentselves, soon, discover these differences 

and confine their attention t(> the best yieldii’g trees. 

Among a group of 29 trees of uniform age tapped daily, the highest 
and lowest average yields for the first 30 tappii gs were, respectively, 
166 and 8 cubic centimetres. The circumference of these two 
trees was 52 and 32 iiiches, respectively, and they were not the 
largest and smallest trees in the group. The yield per inch 
of bark removed w'as in the ratio of 317 to 25, or more than 12 
to 1.” Lock was, of course, not only a sound botanist, but an 
expert plant-breeder. He urges a rigorous seed-selection in the 
founding of rubber plantations. Had he lived he would probably 
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have done much to reform tropical agriculture, infusing the practice 
of planters v-ith the spirit of accurate kr.owledge. The rubber 
tree would indeed be a remarkable exception amorg cultivated 
plants grown from seed, which have never been strictly selected and-' 
purified, if it did not vary enormously. Such variation is almost 
universal. Plants like our modem cereals and peas which present 
an approximation to complete uniformity have been reduced to 
pure strains by the seedsman’s art. Each variety of wheat or of 
peas, though it may row be represented by many millions of plants, 
descends from a skgle individual which was deliberately chosen 
as sbowirg desirable properties. From various causes, impur¬ 
ities occasiorally get introduced, ar.d these it is the seedsman’s 
task continually to extirpate. In wheat and peas, which are usual¬ 
ly self-fertilizii.g plants, this process of purification is compara¬ 
tively simple. But in most plants which aie habitually fertilized 
by pollen from other individuals, borne by insects or by the wii;d, 
pure strains are only maintained with great difficulty, elaborate 
precautions to ensure isolation leii g pr.rt. of the rcguh’.r routir.e 
of seed-raising. If it were true that a pure strain of a plant like 
Hevea (which is almost certainly insect-fcrtilizcd) has come kto 
existence without the kterverXion of liuman agency, the fact would 
constitute somethkg of a natural curiosity. 

In the case of Hevea the most obvious course is to multiply 
good trees by means of cuttings. At Peradt-r.iya the aUenpt to do 
this on a large scale failed, only one cuttk g m 3,000 succeeeliig, 
but others have cuttings without spcckl difficulty, ar.d it c^n scarce¬ 
ly be doubted that after a little enpcrimentkg a sf.tisir.ctoiy 
and reliable mode of procedure would he discovered. The pkr.ta- 
tion which first succeeds in puttkg this simple suggestion ii;to 
practice must kiallibly outstrip competitors who are content to 
foDow primitive methods. The life of a coconut plai:.tation is, 
as was said above, reckoned at over seventy years. Rubber plant¬ 
ing in the East Indies is an undertaking of such Kcent origin that 
no one yet knows bow many years the trees will continue to yield 
rubbei injiaantity, but certainly the period is a long one, and during 
the wh<^i% of the plantation the benefit will accumulate. 



FLAirr-BBESDma and tbofigai. crops 


61 


Though rubber and coconufes are the crops to which these 
suggestions apply with the greatest force, there are several more 
which will occur to those acquainted with tropical agriculture. 
*'Lock, in the passage quoted above, refers to the extraordinary 
results obtained by the Dutch in Java by applying methods of 
seed-selection to Cinchona, thereby nearly doubling the yield of 
alkaloid. 

In these cases simple selection of the best types already existing 
would have incalculable effect. To suggest experimental breeding 
of these trees w’ith a view to still further improvement may be a 
counsel of perfection. Not improbably, however, though the 
reward of that work might be distant, it would eventually be ample. 
So much work is already set on foot under the auspices of our own 
and other governments for the development of tropical agriculture 
tliat the comparative neglect of these important tree-crops is not 
easily explicable. 

There are other tropical crops which, though liable to much 
cross-fertilizr.tion, must be raised from seed. Of these, cotton 
is one of the most important. To the improvement of cotton, 
much highly skilled work has been devoted. Leake in Ii>dia and 
Balls in. Egj’pt, not to speak of plant-breeders in America and 
elsewhere, working on strict genetic lines, had a considerable measure 
of success in their attempts to raise new varieties of commercial 
value. Burkil) and Fir.low have made a beginning with jute, 
which at present consists of a mixture of most divergent forms. 
The difficulty is first to work up the seed to a quantity sufficient 
for economic prirposes, and if that were effected, to maintain the 
new variety pure when distributed among the agricultural popula¬ 
tion. Seeing that the country will, of necessity, be full of the old 
urpuiified forms hitherto in use, even a small percentage of crossing 
must soon lead to serious deterioration. The only proper solution 
is to sepp,rate the seed-raising as a distinct industry. To grow 
the crop may tax the intelligence of the average agriculturist, 
but to raise good seed is altogether beyond him. Ordinary farming 
practice in the case of mangels will serve to illustrate what I mean. 
No farmer thicks of raising the mangel seed which he wants to 
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iow for his own crop of roots. If he saved a few roots for seed, 
his neighbours doing the same, nothing but a lot of heterogeneous 
mongrels would result. Kaising naangel seed is an art, and onJ[y 
a trained seedsman can carry it through. I have no doubt that 
in t]ie future seed of high class cotton, etc., will be specially raised 
as seed. To do this with accuracy it is not unlikely that special 
areas will be set apart for seed-raising and some of the smaller 
islands, for example in the West Indies, might perhaps do well 
to take up such an industry.* 

Provided that cross-fertiliza,tion by inferior varieties is excluded, 
there is no likelihood of deterioratioi- by mere variation. Upon 
this subject the deepest ignorance still prevails even among professed 
naturalists. It is common, for instance, to meet the statement that 
the seeds of cultivated apples give mostly cra.bs. In the light of 
modem knowledge, we ma.y feel practically sure, if such a, pheno¬ 
menon really occurs, which isjiot often, that the “reversion ’’ is not 
due to the variability of the seed-bearing parent, but to crossing. 
To such crossing, the pollen of some wild form in uncidtivated 
ground nearby nmy sometimes contribute. It is, j'.o doubt, conceiv¬ 
able that tw'o cultivated varieties of apples cros.sed together may' 
produces crab, but there is no evidence which suggests tliat this 
consequence is in the least degree likely, and at any rate we may 
feel perfectly sure that only by some rare exception couhl a self- 
fertilized fine apple produce a crab, or a sclf-fert ilized fine plum 
produce a sloe or a bullace. Those wdio are engaged in practical 
agriculture, aud in the administration of agricultural interests, 
have come to realize that science in the form of plant-pathology and 
entomology can aid them. Yet in the case of the hitherto “ unim¬ 
proved ” crops of the world, the call for the services of the plant- 
breeder is, I am disposed to think, far more urgent. No improve¬ 
ment in the conditions can convert a poor variety into a good one, 
a truth which lies at the root not only of agricultural progress but 
of social reform also. 


• Since writing this I hear from Mr. S. C. Harland, of St. Vincent, that a gntall iilaml, 
half • oiile diatant, is there actually used for aeed-raiaing. 



THE WORK OP THE ROTHAMSTED EXPERIMENTAL STATION 

FROM 1914 TO 1919.• 


BY 

E. J. RUSSELL, D. Sc., F.R.S., 

Rolhamated Experimental Station, Harpe}idm, Herts. 

The work ot the Rothamstcd Experimental Station during 
the last fn’o years kills into t wo main groups; problems connected 
directly with tlic war, and those, connected with the development 
of agriculture after the war. The war work had the advantage 
that its significance was obvious, but on the other hand some of it 
was only of temporary importance, and depreciated considerably 
in value with the passing of the emergency with which it was intend¬ 
ed to deal. Tli(‘ other work has more permanent value; it holds 
good even after tlie emergency has passed, but durmg the war it 
was sometimes overshadowed by the more pressing and immediate 
needs of the moment. 

War work at Rothamsted. 

During the first year of the war very little direct war work was 
done at Rothamsted. Food was still coming into the country in 
large quantities and there was no great interference with food 
production at home. Supplies of fertilizers and feeding stuffs were 
ample. There was, however, fear of unemployment, and three 
schemes were examined at the request of the Board of Agriculture 
with the view of ascertaining whether they would usefully employ 
any considerable number of men, and if so, whether they would con¬ 
tribute to the national profit. These were a proposed development 


* Reproduced from Tht Jownal of tkt Board of AgrkuUure, toL XXVI, so. 6 < 
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on Foulness Island in Essex, the suggested afforestation of the 
spoil heaps and pit mounds of the Black Country, and the reclama¬ 
tion of Pagham Harbour in Sussex. None of these schemes Avas 
further developed, though two of them—^the planting of the spoil 
heaps in the Black Country and the reclamation of Pagham Harbour— 
possess aspects of permanent interest. The spoil heaps are 
useless and unsightly ; they can, however, be planted with trees, 
when they take on a very different appearance, as shown at Reed 
Park, Walsall. Although the financial returr.s nmy not be very 
great, the improvement in the amenities of the district would be 
considerable. The proposition is, however, hardly an agricultural 
one. 

The most important war work began in 1916, when, the food 
situation gave cause for much anxiety. The position we.s really 
very serious. The subme.rine men.ace was looming before us, 
terrible in its unfamilir.rity, conjtiring up visions of food shortage* 
if not of starvation ; the only way out of the .situation, .seemed to be 
the production of our own food in. ourow'n.country. At the time 
we were producing only one-half of our total food, an.d the remainder 
was coming from abroad. When examined in detail the position was 
found to be more serious than it looked. The food produced at home 
included more of the luxuries than of the essentials. It included, 
for instance, the whole of the highest quality meat, but only one- 
fifth of the bread. The farmer was, therefore, called upon to perform 
a double task; he had to produce more food, and different food. 
He had to give us, not one loaf out of every five tliat we ate, but 
three or four out of every five, and to do this without causing 
too great a shortage of milk, meat, an.d, if possible, beer. The 
situation presented many difficult admin.istrative, financial and 
technical problems. The technical problems involving soils and 
fertilizers were dealt with at Rothamsted. 

The fertilizer problems arose out of the necessity of making 
the very best use of the limited stocks of the ordinary fertilizers, to 
which the farmer was accustomed, and of examining any and every 
substitute that promised help in eking out the supplies. Fortu¬ 
nately, a good deal of inloimation could be drawn from the 
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Rothamsted and other experiments as to the best way of using ferti¬ 
lisers on particular crops. This was systematised and put in order 
in a little handbook called “ Manuring for Higher Crop Production,” 
issued at a cheap price (1917 ; 3s. 6d. net) by the Cambridge Uni¬ 
versity Press so that the farmer could readily obtain it. In addition, 
a series of notes was issued in “The Journal of the Board of 
Agriculture ” showing how the available supplies might beat be 
utilized. 

It was more difficult, however, to give useful information 
about the substitutes that would be needed if and when thefertOizer 
supplies became too much reduced. Ordinarily fertilizer tests 
have to be contiiiued for two or three successive seasons before a 
definite ©pinion can be expressed as to their value; during the 
war, however, some sort of opinion had to be given in three or four 
weeks. Rapid methods of laboratory testing were therefore 
developed : growing seedlings were used to indicate whether (as not 
infrequently happened) toxic substances were present; rates of 
nitrification in sc»il were determined to fiird out how far the substance 
would yield nutrient material to the plant; farm crops were grown 
in. pots to afford opportunities for testing any material that might 
seem projuising. A considerable number of possible fertilizers 
were sent in for examination by the Board of Agriculture and Food 
1‘roduction Department, the Ministry of Mimitions, the National 
Salvage Coimcil, and other bodies. 

Much of the information was wanted for the purpose of eco¬ 
nomizing sulphuric acid, so that the maximum quantity might be 
handed over to the Ministry of Munitions for the manufacture of 
explosives. In peace time the farmer had been the chief consumer 
of sulphuric acid ; in 1917, however, the Ministry of Munitions 
were requiring all the acid they could find, and were leaving much less 
than usual for the fertilizer manufacturers. Even in pre-war days 
the farmer had required 870,000 tons of chamber acid per annum 
(equivalent to 580,000 tons of pure acid), and the extra food pro¬ 
duction programme was calling for even more than this. The 
Ministry of Munitions were, however, obdurate, and out down 
supplies at a rate which seemed to some of the more nervous to 

0 
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threaten a very serious situation. The production of sulphate of 
ammonia fell from 360,000 tons per annum to little over 250,000 tons, 
while that of superphosphate fell from 800,000 tons to 500,000 tons 
per aniium. 

Fortunately a substitute for sulphate of amn .oiiia was available 
in the form of nitre cake, and altliough no fertilizer manufacturer 
liked it or had a good word to say for it, it seemed as if it might 
have to be used extensively in the manufacture of superphosphate 
and of sulphate of ammonia. Important and difficult technical 
problems were involved both at the factory and on the farm, neces¬ 
sitating a considerable amount of experimental work. Thanks 
to the co-operation of the manufacturers, workii-g solutions of the 
difficulties were found, and there is little doubt that bot h sulphate of 
ammonia and superphosphate could have beei*. made from nitre cake 
had the necessity arisen. Fortunately it did not, and the situation 
Was eased before it became too serious. 

A considerable amount of work was also done itr the examin¬ 
ation of new sources of potassium compounds to take the place 
of the Stassfurt salts which had previously Ireen our sole source 
of potassium compounds. A certain number of residues from 
manufacturing processes were available, but in the nuiin they 
suffered from one or both of two defects—very low content of potash 
likely to be useful to the plai'.t, and the presei’cc of toxic substances. 
After much sorting out of possible imterials it appeared that certain 
blast furnace flue dusts would prove suitable, and accordingly the 
Food Production Department took steps to make the necessary 
arrangements for distribution among farmers. Con.siderable quan¬ 
tities have been used, generally with distinct advantage. With the 
re-establishment of peace conditions, supplies of potassic fertil¬ 
izers may be expected from the Continent. 

Investigation was also made into the possibility of using to 
better advantage the farmyard manure produced on the farm, and 
of using as fertilizer various substances now wasted. 

It is estimated by Hall and Voelcker—admittedly good author¬ 
ities—that some 60 per cent, of the value of farmyard manure is 
lost on the average farm of the country through avoidable causes. 
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Thanks to the generous assistance of the Hon. Rupert Guinness, 
t has been possible to retain an expert chemist, Mr. E. H. Richards, 
expressly for the purpose of elucidating the causes of the loss, this 
)eing necessary before one could hope to find a remedy. The 
iauses of the loss have been traced in an extended series of labor' 
itory investigations, and the conditions necessary for its avoidance 
lave been ascertained.* 

Broadly speaking, the conditions to bt secured in. the making 
)f the manure as ascertained by Dr. Hutchinson, are sufficient 
upplies of nitrogen compour<ds and of air to allow the cellulose 
lecomposing organisms to effe(;t the decomposition, of the straw, 
^or the storii'.g of the manure, however, Mr. Richards’ experiments 
how that it is neces.sary to have shelter from the rain and also to 
)revent access of air. The best m.ethods for securing these conditions 
lave required working out for partkuilar cases, which can be done 
mly after consideration of all the local circumstances. 

Field experiments have shown that farmyard manure stored 
n conformity with these conditions is of higher feitilizii'.g value 
han the ordinary material, the crop being 10 per cent, or more 
>eyond that given by naniure kept in the usual waj'. Diuring the 
ver. when all sources of loss had to be studied and as far as possible 
topped, the neces.sary conditifna were vigorously brought to the 
lotice of farmers and Executive Committees by the Food Production 
3(partment, and at different times attention has been drawn to 
he natter in “ The Journal of the Board of Agriculture.” Savings 
)f several units per cent, on old-established practice are possible, 
md every one per cent, saved would mean ux the aggregate some 
?200,000 a year at present prices. 

A beguxning has been made with a much more difficult problem— 
he handling of nanure on a dairy famx. The conditions here 
ire very different from those on an ordinary mixed farm where 
aullocks are fattened: it is desirable that the dung should be as 
iittle in evidence as possible and that the urine should be quickly 

* An article Ton the subject appeared in Tht Journal of the Board of AprtcwZ/«r« for 
December, 1914, p. 800. 
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and completely removed from the cow-sheds. So important is this 
that it must be done even if loss is thereby incurred. Two methods 
have been studied:— v 

(1) The removal of the solid excreta and its storage under 
cover and out of reach of air; collection of the liquid manure in a 
tank, and its application to temporary or permanent grass land 
and on the stubbles prior to taking a root crop. 

This method is already in use on certain dairy farms, but careful 
examination revealed a considerable deficit on the nitrogen account: 
the liquid only contained about one-half of the nitrogen expected. 
The loss was traced to the broken straw and solid excreta which 
always find their way into the liquid and cause an absorption of nitro¬ 
gen which, though of scientific interest, may prove costly to the 
farmer, and at any rate deprives the liquid of much of its value. 

Further investigation of this absorption is l>eing made; it may 
be avoidable, in which case the value of the liquid manure, already 
high, could be enhanced still further. In case it seems to Iw 
unavoidable, however, a second method of procedure is being 
adopted:— 

(2) The solid manure is collected as iK^fore, but the liquid is 
allowed to run through stmw under conditions which encourage 
the absorption of nitrogen compounds. By suitable arrangement 
the straw increases in fertilizer value, while the liquid loses part of 
its valuable constituents, and can more easily be sacrificed. 

This second method is still in the laboratorj'stages, but may 
prove of considerable value. Mr. Richards is ^ carrying out the 
laboratory experiments at Rothamsted and the large scale 
experiments at Woking on the Hon. Rupert Guinness’ home farm. 

The MAKING OF FARMYARD MANURE WITHOUT ANIMALS. 

Two years ago there seemed a prospect of a considerable 
surplus of straw, and methods of utilization were examined; in 
particular the possibility of convertmg it into a useful manure was 
studied at Rothamsted.^ The prolonged drought of this season 


* The Joiimnl of the Board of AgricuUure, I'Aprii, 1919, p. 15, 
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has dispelled any prospect of excessive straw, but the value of the 
work remains. * 

' The investigation is being carried out by Dr. Hutchinson and 
' is the logical continuation of work that he has had in hand for some 
time. Laboratory work has shown that the breaking down of‘the 
material of straw, the so-called cellulose, is effected by a remarkable 
organism which had eluded all previous investigators, but which 
Dr. Hutchinson succeeded in obtaining in pure culture so that he 
could study its properties. In order that it may bring about the 
decomposition of straw it requires two conditions, air and soluble 
nitrogen compound, as food. If either of these is missing it ceases 
to act. Moreover, it will only attack cellulose : it is unable to feed 
on sugar, starch, alcohol or any organic acid yet tried. 

Given, however, the necessary nitrogen compounds and a 
sufficiency of ah', the organism quickly decomposes straw, breaking 
it dowi to form a black, sticky material, looking very much like 
farmyard manure. A ton of this material is now being prepared 
for the purpose of fertilizer tests. 

Sewage sludge as manure. 

Miiny efforts Iwve been made in the past to utilize sewage 
sludge, but until recently without success. A new process is now 
beuig studied which seems more promismg; it gives a sludge con¬ 
taining 6 per e.ent. or more of nitrogen, in an easily available form. 
There are, however, a number of problems to be solved befeue its 
agricultural value can be established, and work on these is being 
pressed forward as vigorously as possible. An experimental plant 
has been erected at the Harpenden Sewage Works, where sufficient 
material for new tests is being prepared. 

The importance of the problem is manifest from the considera¬ 
tion that the total excrements of the inhabitants of the United 
Kingdom would be worth itearly £18,000,000 per annum as fertilizer 
if they could be applied to tlie land. Only a fraction is so used at 
present, but the need for national economy is such that nothing 
of value should be wasted. 
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OthEE, aids to PKODUCTION, LIME AND ARTIFICIAL 
FERTILIZERS. 

Lime. Most fanueis know by experience whether or not they 
require lime, but few use it as regularly as they ought, with the 
result that clover often fails to do well, and swedes become liable 
to finger-and-toe. Numerous analyses made at Eotharasted of 
soils from different parts of the country show how wdespread is 
this lack of lime. 

In trying to remedy the deficiency, however, difficulty has arisen 
because it is not always possible to tell a farmer how much lime the 
soil needs: often mdeed one can only say that he should apply 
between 10 cwt. and 2 tons per acre. Of course, if farming were 
independent of costs this vagueness would not matter, but the 
delicate financial balance under which agriculture has to be con¬ 
ducted leaves no margin for indecision between 10 cwt. and 2 tons. 
A method has, therefore, been devised by Dr, Hutchinson for esti¬ 
mating the degrees of lime requirement, and when it is kno^^^l how 
much lime one part of the land needs, the quantities wanted for the 
rest are readily ascertained. 

Calcium cyanamide. Two new artificial fertilizers have been 
studied in some detail. Calcium cyairamide, commonly known 
in this country as nitrolim, is a fertilizer of distinct promise, about 
which, however, experts still have a good deal to learn. 

In field practice it has varied considerably in effectiveness. 
On the average of all field trials in the United Kingdom, when the 
effect of nitrate of soda is taken as 100, that of sulphate,of ammonia 
is 97 and of cyanamide 90. The cyanamide results, however, 
sometimes fall as low as 26 and occasionally rise as hig h as 238. 
Mr. Cowie has shown that cyanamide under certain conditions 
contains another substance, dicyanodiamide, which is poisonous 
not only to plants but also to the nitrifying organisms. It is leas 
toxic to other or^nisms, however, and has little effect on the 
bacteria developing on gelatine plates, the rate and extent of the 
decomposition of dried blood, or the rate of production of ammonia 
from cyanamide. In its presence ammonia accumulates in the 
soil and the normal oxidation to lutsate does not take place. 
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Dicyanodiamide, therefore, not only injures the plant,,but cuts of! the 
supply of nitrate, substituting mstead ammonia, which in most 
cases is less useful, and in some cases directly harmful to the crop. 
The conditions under which it is formed are known and fortunately 
can be avoided. 

A further investigation is being made into the breaking down 
of nitrolim in the soil. Nitrolim itself is not a plant food ; under 
suitable conditions, however, it readily changes into such. Usually 
changes of this sort are brouglit about by livin,g organisms tmder 
conditions which are now well understood. In this particular case, 
however, something else is involved, the exact nature of which is 
not yet clear, although Mr. Cowde is on its track. There is little 
doubt that some of the cases where nitrolim gave disappointing 
results arose through lack of the decomposing agent, \vhatever it 
nuvy be. 

Ammonium nitrate. A)\other investigation arose out of the 
necessity of iimkuig the best possible use of the materials employed 
in the makiitg of munitions, one of which—ammonium nitrate—had 
been accumulated in great quantities. 

It was known some time ago that at the end of the war large 
stocks of this ammonium nitrate might be available tor agricultural 
purposes. Expc'rimcnts were, therefore, ntade to ascertain its 
proper! ies as a fertilizer.^ The material available before the war had 
been too deliquesco’.t for ordinary use. A much less deliquescent 
modifn-ation is, however, now avaikible ; it has been stored for 
months in the Rotlianrsted nwn.ure shed without giving trouble. 
Further, it can be drilled with the utmost ease, either alone or 
mixed with superphospliate (though the mixture should not be stored). 
It gave good results on mangolds and potatoes and as a top-dresaing 
to cereals. It is highly concentrated, contaming 35 per cent, of 
nitrogen. 

Basic slag. Considerable attention has been devoted to basic 
slag. During the wur there has Wen a great change in the compo¬ 
sition of this material in consequence of the extension of the basic 


The Journal 0 / the Board of Agriculture, February, 1919, p. 1332. 
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open-hearth process for making steel. The new material contains 
less phosphate than the old, and less is soluble in citric acid. Field 
experiments have been made to ascertain its actual value, and 
inquiries have been made in conjunction with Dr. Stead, of Middles- • 
borough, into the possibility of improving its value. 

Control of soil organisms and pests. 

Most farmers have learnt to their cost that soil is inhabited by a 
number of organisms capable of doing a great deal of mischief ; it is 
well known that there are others that do very much good. Con¬ 
siderable attention has been devoted at liothamsted to the soil 
organisms, and much information has been gathered about them. 

The wireworm furnishes a good example of the harmful 
organisms in the soil. In a general way its life-histoiy has long been 
known, but little exact knowledge was available before Mr. Koberts 
began his work at Rothamsted ; in consequence, no sound method 
of dealing with the pest could be suggested. 

Mr. Roberts has, however, succeeded in tracing the precise 
history of the wireworm from the egg through the larval stage to 
the beetle, and has brought to light a great deal of new and useful 
information about it. Further experiments are necessary to 
discover the best way of using this information. Dr. Malcolm Laurie 
has carried out some interesting experiments which promise valuable 
results. 

Mr. Tattersfield and Mr. Roberts have also devoted much 
attention to the effects of poisons on the wireworm. A large number 
of substances have been systematically tested, and many have been 
foimd far more poisonous than the naphthalene sometimes recom¬ 
mended. Ammonia is distinctly harmful to the wireworm—not 
the sulphate of ammonia used as a fertilizer, but ammonia itself— 
and it is interesting to note that this is produced in the soil when 
liquid mairure is applied, or when sheep are hdded on the land. 
Either of these methods may be expected to keep down wireworms. 

It is hoped that the information obtained in these experiments 
will enable works chemists to make a satisfactory soil insecticide— 
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one of tiie most urgent Aeeds of the arable farmer and market 
gardener. 

, Some years ago it was shown at Eothamated that the treat- 
vment of the soil with poisons led to increased productiveness if the 
poisons could subsequently be removed. The search for a ,soil 
insecticide is combined, therefore, with the search for a soil-sterilizing 
agent, and this part of the work is carried out by Mrs. Matthews, the 
W. B. Randall Research Assistant, Mr. Randall having generously 
provided the funds that enable the Station to secure Mrs. Matthews' 
services. The results are too technical for discussion here, but 
they show beyond doubt that simplification of the soil population 
is an advantage to the grower. For the present this information 
IS of direct value only to the nurserymen working under glass. 
For cucumber- and tomato-growing under glass the most efficient 
method is to steam the soil, when the undesirable forms are reduced 
or eliminated, and the useful forms are less affected. Various 
poisons are now being used successfully, and are, fortunately, much 
cheaper than heat. 

The co-operation of the chemist has led to some interesting 
developments. It was found in the early stages of the mvestigation 
that carbolic acid, which is sometimes phenol and sometimes cresol, 
was effective in dealing with important pests, but Mis. Matthews 
and Mr. Tattersfield have greatly improved on this substance. 
They find that chlorphenol is about four times as toxic as phenol; 
di-chlorcresol, which is easily prepared on the large scale, is about 
five times as effective as cresol, hitherto the Uiost potent agent 
available for practical puiposes. 

Some of the so-called poison gases are very effective and if 
the practical difficulties attending their use could be overcome, 
they would form a valuable addition to the growers’ equipment. 
This, of course, is work for the future ; already, however, the steri¬ 
lizing methods have considerably increased the output of glasshouse 
production in the Lea Valley. 

A highly useful soil organism, the clover organism, has been 
studied in some detail and an important advance made by Mr. 
Bewley. Before this work was done little had been known of the 
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way in whioh. this organism lives when it is out of the plant. Mr. 
Bewley has how .shown that it can exist in two forms—one form 
can mofe about, while the other cannot. The addition of soluble 
organic matter causes the latter to change into the motile form. - 

This fact is of great interest in connection with another result 
recently obtained at Eothamsted. It was found tliat clover makes 
more vigorous growth in a rotation wdiere hirmyard manure is used 
than where artificials only are used.'^ It seems legitimate to suppose 
that the farmyard manure helps the organism to become motile 
so that it can easily move about and enter the plant root ; this 
hypothesis is beir.g tested. 

Special attention is being devoted to the processes whereby 
plant food is made in the soil. These proe.esses are of vital import¬ 
ance because on them depends the proper utilization of fanayard 
manure, clover residues and grass residues ploughed into the land. 
At present there is good reason to fear that only 50 to 00 per cent, 
of the potential value of these materials is ever realized : the rest 
is lost to the farm, and, of course, to the country. Improvements 
do not come from sensational discoveries; in.deed many of tlie 
sensational discoveries announced in the press turn out to be nothing 
but mare’s nests. It is the steady advancement of knowledge that 
helps to solve agricultural problems ; lin.k by Ihik the chain is forged 
until one day, uimoticed and unrecorded, the last link is made and 
the definite advance is achieved. Piactice advances in the same 
way ; a one p^r cent, improvement here, and a one per cent, im¬ 
provement there, represents a much more solid achievement than 
many of the supposed discoveries that sometimes attract so much 
attention. 


Weeds. 

The study of the weeds of the farm is in the capable hands 
of Dr. W. E. Brenchley, who.se results have been published from 
time to time in “ The Journal of the Board of Agriculture ” and in 
the Journals of the Bath and West., and of the Koyal Agricultural 


> The Jowwd of the Board oj AgneuUure, M»y, 1017, p. 124. 
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Societies; these results are now being collected, so that it is un¬ 
necessary to enter into any detailed account of them liere. 

Plant pathology. 

Farmers suffer great losses every year through the attackg of 
insects and fungi; in consequence the Board of Agriculture have 
recently set up at Rothamstedan Institute lor Plant Pathology, 
the purpose of which is to study plant diseases. 

Dr. A. D. Imms is in charge of the entomological work and 
Mr. W. B. Brierley of the mycological investigations. The primary 
purpose hero, as in the rest of the Station, is to gain information 
and not to cure particular diseases: indeed it is not too much to 
say that, until .some of the infonmtion at present sought is ob¬ 
tained, there will be little hope of cures for many of the ills affect¬ 
ing plants. The treatment of plant diseases is now in somewhat 
the same position as the treatment of human diseases in the days 
of the barber surgeons, and further advance can only come when 
more knowledge is obtained. 



THE CANNING OF FKUIT AND VEGETABLES.* 


The preservation of fruit and vegetables by canning has niany 
advantages over bottlmg, especially when carried out on a c(»m- 
inercial scale. The initial outlay is not so hea\7, and packing and 
transport difficulties are much reduced, while breakages of bottles 
are avoided, and a great saving of time is effected, as large quantities 
of produce may be dealt with quickly. 

Furthermore, if the canning be wirefully d(*ne the flavour of 
canned fruit is considered superior to tliat of fruit preserved by 
other methods. This is due t(» the fact that the caiis are 
heimetkially sealed before Ijeing sterilized, and all volatile oils and 
flavours are, therefore, retained. 

Apparatus necessary for canninc. 

The apparatus necessary for cannuig by the “ water-bath 
method ” dependsa great deal upon the quantity of fruit to be dctilt 
with. For ordinary household purposes a large pan fitted with a 
false bottomcan be used, or special sterilizing pans holding 18-20 ;Mb. 
cans may be purchased. When, using these pans the tians must be 
submerged in boiling water. If desired, an ordinary c(ipper (ian be 
used ; in this case it is advisable to obtain the special tin trays with 
handles which fit into the copper, so that the cans are easily lifted 
in and out. 

Complete outfits of canning apparatus iiuiy be bouglit, and 
attention may be drawn to the following types;— 


Reproduced from the Jimrml oj the ISuard of Af/ricMure, vul. XXVI, no. S. 
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The JUnjal Home Canmr (Fig. 1.) is suitable^ for domestic 
purposes aitd is so constructed as to generate steani quickly. This 
apparatus will hold three dozen 3-lb. cans at one time. It is 
portable, and wood, coal or gas may be used to generate the 
steiim. 



Fio. 1. Thfl Koyal Horae Canner, showine the following partsA, covered boiler 
or sterilizer made of galvanized iron and titted with handles ; B, tray to 
bold cans; C, japanned iron carrier lined with asbestos ; D, chimney to 
carry oflf smoke when wood or coal is used as fuel; E, (rrate for wood fuel, 
etc.; F, loose tray in which the canner stands- 


The Pressure Canner is a more complicated apparatus tlian 
the Koyal Home Canner. It generates and retains steam imder 
pressures varying from 5-30 lb. per square inch, and must be fitted 
with a pressure gauge and safety valve. It enables canning to be 
carried out very rapidly, and is the only .sure method of canning 
meat, fisli, and such vegetables as peas and beans, but is not 
essential for fruit or tomatoes. 

Full particulars of large commercial or pressxure canning 
outfits may be obtained through tlie trade journals. 
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Preservation op pood by sterilization 

It is a well-knowii fact that food decay is caused by germs 
present in the air. These germs are of thret classes, t^ of which, 
yeasts and moulds, attack both fruit and vegetables, an * * xird,' 
bacteria, attacks vegetables only. 

The destruction of these organisms bv heat is known as 
“ sterilization.” If this is properly carried out and reinfection is 
prevented, food is preserved for an indefinite period. 

A temperature of 150° F. to 190° F. is sufficient, to kill yea,sts 
and moulds, but bacteria are not destroyed except at a temperature 
of 212° F. (boiling point). In each case the temperature must be 
maintained for the proper length of time. 

Equipment required por canning (Plate VII). 

Successful canning can only be -‘i.cconiplished if all llie 
equipment is ready to hand before startieg. The following are 
essential:— 

. 1. Sterilizer. This may consist of any large pan or, better 
still, a specially madx. ca.xner. 

2. Ca,.s and lids. The ca.i.s are made of "in in nominal 

1, 2, 3 and 7-lb. sizes. A reputed 2-lb. can will hold 
2 lb. of pulp or jam, but only 1 ^ lb. of fruit in water ; 
the other sizes are in proportion. Each lid should 
have a small vent-hole, and cans with wide mouths are 
the most suitable. 

3. Solder. This is used for soldering on the lid and sealing 

the vent-hole. 

4. Flux and small brush. Flux or soldering fluid is used for 

cleansing the tin to ensure that the solder adheres. 

5. Soldering irons. These have copper ends and must be 

kept smooth and bright. 

6. File and Emery paper. Necessary to clean the irons. 

7. Clean cloths. Fot wiping the cans, etc. 

8. Boiling uxiier. In plentiful supply^ 




J. .hermomeler; K, solderin, irons. ‘ ’ ’ '' 
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PRErARATION OF FRUIT AND VEGETABLES. 

• 

Grading. Vegetables and fruit must be’ graded carefully 
according to cobnir, size and ripeness. This ensures the best 
“ pack ” and uniformity of flavour and texture to the canned 
product: these points are very important and should always'be 
kfpt in mind. 

Blanching. Prior to canning it is very necessary for all vege¬ 
tables and many kin.ds of fruits to be “blanched.” Thorough 
cleansing and the removal of acid and acrid flavours are thereby 
ensured, and tin' colouring matter sets ; the bulk of green vegetables 
is also reduced, and the splitting and (uackin.g of cherries, damsons 
and plums are prevented. Peaches and pears are rendered more 
transparent, attd givejt a better texture and more mellow flavour. 
Soft fruit.s do not require “ blanching.” 

The opemtion consist s of plunging the vegetables or fruit into 
boiling water for a time, u'hich may vary from 1 to 15 minutes 
according to the state of maturity and the kind of fruit and vege¬ 
tables used.* After the nece.s-sary time has elapsed, the fruit or 
vegetables should be lemoved from the boiling water and plunged 
immediately into cold water two or tliree times, but they should 
not be left in the cold water to .soak. The plunging ir.to cold water 
sots tlie colouring miUter, and is termed “ cold-dipping.” Vegetables 
are mtule more cri.sp if salt is added to the cold water. 


Vegetables 

j Time of blanching 

1’e.as and btMins 

2-.“) minutes. 

CaiTOtN (accordinf; to size am) age) 

5-15 

Celery (according to thickness) 

3-.'> 

Beets 

5-10 „ 

Tomatoes ... 

1 

5-10 ,, to loosen the skin. 


* A trire basket or piece of cheese cloth is nseful for this purpose. 
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Filling and soldering the cans. 

Packing the cans. Wash the cans in Jmling water immediately 
before filling. Take one can at a time and pack with fruit or vege¬ 
tables to within J in. of the top, but without crushing. To ensure 
a .good “ pack ” the cans should be loeighed, particularly if the 
product is for market purposes. Cans after being packed should 
be dealt with as quickly as possible and not allowed to stand about 
open. 

Adding water, syrup or brine. Immediately after packing 
sufficient liquid must be added to cover the produce. Fruit may be 
canned in either water or sj^rup, but the latter is to be preferred as it 
imparts a better flavour to the canned product. For vegetables 
brine should be used. The syrup, brine or W'ater used for filling 
the cans should be boiling {see page 83 for strengths). Next place 
the lid on the c.an and wipe dry wth a clean cloth. 

Soldering on the lid or capping. Apply a little flux with a small 
soft brush around the groove of tlie cap, taking care that none (mters 

the can. With the hot iron, W(‘ll 
tinned, in tlie right hand and the 
solder in the left hand, melt two or 
three drops of solder rouml the caj) 
in the groove. (Fig. 2). Steatly 
the cap with the stick of solder, 
but do not cover the vent-hole. 
Then draw the melted solder round 
the cap in an even,>smooth stream 
witlx the hot iron. 

Sealing the vent-hole or tipping. 
If boiling water has been used in 
filling the cans, then tipping may 
be done immediately after the lid 
is soldered on, as enougli air will 
have been exhausted or driven out 
through the vent-hole. To tip 
a can, place the point of the 
hot iron over the vent-hole and touch the iron slightly with the 



Fio. 2. Soldering a can, showing 
correct position of hands, the 
soldering iron held in the 
right hand and stick of solder 
in the left. A small porMon 
of solder has l>een dropped 
on the rim of the cap, and 
is being drawn round by the 
hot soldering iron- The stick 
of solder, meanwhile, holds 
the cap in position. 
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solder stick. A bead of solder will then drop on to the vent-hole 
and make a neat tip. The description of the contents must th^n 
be marked on the can with an oil crayon. 

Exhaustion. , 

The operation of “ exhaustion ” or driving out the air from the 
cans before “ tipping ” is very important. By using boiling liquid 
to fill the cans, and " capping ” 
them immediately, the centre of each 
can will register from 170“ to 190°F., 
and sufficient exhaustion then takes 
place. Xo can .should be tipped 
below a temperature of 17()°F. 

When “ tipping ” is not done 
immediately after “capping” and 
the interior temperature of the can 
has fallen below 170° F. the air 
should be exhausted by placing the 
cans, wit h the vent-holes open, in 
the calmer for 5 to 13 minutes 
until the temperature is brought up 
again to 170°-190° F. The cans 
are then removed from the canner 
and immediately dried and tipped. 

Great care must be taken if this 
method is adopted, for by over- 
exluaustionthe ains collapse (Fig. 3 C) 
on cooling and the contents, 
although properly sterilized, become 
mushy. 

Sterilization. This is the term applied to the process of heating 
the cans to ensure the destruction of the organisms responsible for 
decay. The time allowed for sterilizing, must be reckoned from the 
moment the water boils ajter the cans have been lowered into the 
oanner. For sterilizing in steam, a thermometer is absolutely 
es^ntial. 



Flo. 3. Compariton of perfect and im¬ 
perfect cane. A, perfect can ; 
BI, bullied can. ahowiiig bow 
the top and the bottom of the 
can haa bulged owing to fei- 
mentation caiiacd by insuffi¬ 
cient sterilization ; B'-l, burst 
can, caused by insufficient 
sterilization and weak joints 
in the ran—aithougii bursts 
from the latter cause very 
seldom occur; C, collapsed 
can, due to insufficient titling 
and over-exhaustion. 
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Time table. 


Produoti to b« conned 


i 

I J*reporat on 


IHme of eterllUdog 


I 


Seft /mil. Gooeeborriet, Currant,, 
Strawberries, lUspberries, Lo|t»n- 
berries. 


Graded 


Stont fruit. Cherries, Plums, Dam- Blanobod and 
sons. Apricots and Peaches. dipped. 


mins, at 212* K, (accord* 
ing to ripeness). 


cold ' 16-20 mins, at 212° K. (aeoord- 
ifiK to ripeness). 


Bari fruit. Apples and Pears 


ToBUdxMs 

VegetaUes 


Peeled, cored and 1 20-30 niinn. at 212*P. (accord- 

blanched and cold ! ing to npenoss). 

dipped. ! 

i 

Scalded and peeled ... 120-30 mins, at 212* P. 

Blanched and celd 2 hours. Green seMtables 
dipped. I to be redone after 48 

I hours. 


Not*.—V ery ripe frnit always requires more sterilizing than unrijM- fruit. 

Cooling the cane. All tinned products mu.st be cooled as quickly 
as possible to check subsequent cooking, which would otherwise 
continue for some time, and so spoil the ^ olour and r«‘duce the fruit 
to pulp. To cool the cans plunge them into a liath of cold water, 
or, if large numbers are being dealt with, spray them with a hose 
pipe. The cans must not on any account be piled up one on top 
of the other until thoroughly cold. Before storing, the cans should 
be first dried to prevent rusting, and then lacquered and labelled. 

Tinning or preparation op irons for soldering. 

See that the irons are bright and smooth, and heat thoroughly 
in a clear fire or over the gas. Place some soldering fluid (flux) in a 
stone jar for cleaning the irons, and also a small quantity in a clean 
glass jar for brushing the tins. Dip the irons into the jar of flux 
and rub the ends with the stick of solder, then immediately dip 
again into the flux and the solder vrill be found to run evenly over 
the iron. This “tinning ” is most important, for if the irons are 
not kept clean and well tinned, the soldering of the cans cannot be 
carried out successfully. So long as the irons are not made red hot 
they will remain “ tinned ” and need only be dipped into the flux 
before using. When once the operator becomes accustomed to 
the handling of the tools, the soldering may be done very quickly 
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and petfeotly. A pound oi soJder wiU seal a gross of cans, and an 
efficient operator can do sixty cans an houi. • 

Brine and syrup. 

Brine (rr syrup is made by boiling the correct amounts of "salt 
or sugar in water for ten minutes. All impurities are then skimmed 
off the top. 

For brine, one tablespoonful of salt is required for each quart 
of water. 

1’he strength of syrup will vary according to the class of fruit 
to be oaimed. 

1. Soft Fruit, Plums and Cherries .. Thin 2| lb. sugar to each 

gal. of water. 

2. Pears .. .. ,. Medium 4| lb. sugar to each 

gal. of water. 

3. Peaches and Apricots .. Heavy 6| to 8 lb. sugar to 

each gal. of water. 

Strawberries and raspberries should be canned in syrup made 
from the juice of the berries, in which case no water or syrup is 
u.sed. 

Causes of failure in canning. 

1. The me oj unfit material. Fruit and vegetables for canning 
must be perfetstly fresh and in good condition, and must be canned 
as soon as possible after gathering. Failures known as “ Flat Sours ” 
are caused by using material which has fermented or heated through 
standing for some time. Fruit gathered wet and kept together in 
too large quantities, or peas remaining in closed baskets or bags 
arc very liable to be spoiled in this manner. The contents of the 
cans arc sour, although there is nothing to indicate this condition 
until they are opened. 

2. Insufiicient sterilization. Swollen or bulged cans (Fig. 3 B) 
are usually caused by the produce fermenting through insufficient 
sterilization. The ends of the cans become distended with the gas 
which is generated. The contents are unfit for consumption and 
have an offensive odour. 
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3. Careless sealing. This causes cans to leak and results in 
the contents going *)ad. Great care must be taken to detect any 
leaks before storing, and if found they must be repaired at once. 
Cans should be tested after soldering by lowering each one into a 
batji of hot water. If a leak is present bubbles will rise to the 
surface of the water. 

4. Overpacking or sealing when too cold. This also causes 
bulged cans. If due to overpaokiiig, tlie cans can be made to 
resume their normal shape on cooling by pressing in the ends. The 
contents of the bulged cafts due to these caustjs are quite 
wholesome. 

5. Shrinkage of produce, in the cam during sterilization. This 
may be caused by— 

1. Improper blanching and cold dipping. 

2. Loose packing through careless grading. 

3. Sterilizing too long. 

6. Cloudy peas are caused by— 

1. Using peas with cracked skins. 

2. Blanching too long. 

3. Using hard water. 

7. Discoloration of fruit is due to— 

1. Careless blanching. 

2. Continued cooking due to piling the cans on top of 

others before they are cool. 

3. Using over-ripe fruit. 

Note. — Rhubarb should never be canned unless a very heavy 
syrup is used. Otherwise the lacquer of the cans will not withstand 
the excessive acidity of the rhubarb and the inside of the tins will 
rust. The contents of cans in this condition are unfit for 
consumption. 



§aks 

A SUSPECTED CASE OF POISONING FROM LINSEED CAKE. 

The occurrence of a considerable proportion of cj’anogenetic 
glucoside in linseed cake is well known, and is of considerable 
interest in ^dew of the fact that this cake is generally considered 
to be one of t he safest cattle foods. Ingle^ refers to this subject 
as follows ;—“ A point of some interest is the almost universal 
occurrei'ce of a cyanogenetic glucoside, Linamarin, identical with 
phascolunatin, in linseed cake. Fortunately the hydrolysing 
enzyme, capable of liberating hydrocyanic acid from this substance, 
which is present in the .seed, is destroyed by the high temperature 
employed during the extmction of the oil, so that the cake is rarely, 
if ever, poi.sonous from this cause.” 

The probability that the feeding of linseed cake may occa¬ 
sionally become dangerous has been the subject of several investi¬ 
gations. G. D. Lander® carried out feeding tests on sheep with a 
linseed cake containing 0'025 |X!r cent. HON, giving a ration of 
from 1 to 5 lb. of moist cake per diem, and obtained no definite 
result. The same observer also fed rations containing HON in the 
form of j)otassium cyanide and only obtained definite restilts when 
30 grains of HCN were admnustered. He concludes that linseed 
cake, such as is usually employed, is harmless. 

Collijis® studied the rate of evolution of hydrocyanic acid 
from linseed cake under digestive conditions, and found that the 
amount of HCN produced depended upon the amount of enzyme 

* “ Teit Book of Agricultural Chemietry,'’ Cka|>ter XTV, p. 282. 

* Lander, Q. n. i/our. nd. Apr*., XVll (1811), 11, pp. 901-907. 

» ColUne, 8. H. Proa. Vniv. Durham PhiL Soe., IV (1911-1912), 3, pp. 99-106. 

( 85 ) 
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present, and the temperature and the degree of acidity of the liquid, 
and concluded that, in normal health, the acidity of the stomach 
is too high for the production of HCN from linseed cake, but abnor¬ 
mal conditions may cause its production. 

Auld^ found that the majority of linseed cakes examined by 
him produced prussic acid on maceration wth •abater, the amount 
varying from 0'001-0 052 per cent. In only a few cases was no 
prussic acid found owing to the enzyme having been destroyed. 
The total HCN content of the cakes examined varied from 0 023 per 
cent, to 0'066 per Cent., the average being 0’036percejit. He found 
that the formation of HCN at blood heat was exceedingly rapid— 
half the available HCN being often libeiated in fifteen minutes— 
the maximum being attained in six hours. The hydrolysing 
enzyme is, however, easily destroyed by' niixing the ground cake 
with boiling water, and the gruel, when properly ])rei^red, is 
practically harmless. 

In view of the generally expressed o])uiion that linseed cake as 
usually employed does not give rise to deleterious effects, it is 
worthwhile drawing attention to a su.spected ca.se of jwi.sonntg 
which has recently passed through my hand.s. St'veral cases of 
suspected poisoning of horses having occurred at the Saliaranpur 
Remount Depot, samples of the nuiterials forming the ration were 
submitted for examination. Of these, suspicion attached to the 
linseed cake which was found to contain (C023 jkt cent. HCN 
and a recommendation was made that tiny use of this foodstuff 
should cease. This was done and a report was 8ul)sequently 
received stating that no further cases of poi«ming had occurred, 
and it would therefore seem very probtible that this cake was the 
cause of the trouble. 

The linseed cake in question had every appearance of being 
the local production of the country oil mill in which the temper¬ 
ature of extraction is comparatively low and consequently the 
hydrolysing enzyme was not destroyed, thus leading to the libera¬ 
tion of an excessive amount of HCN during digestion. In view 


> AaU. B. T. M. Jout. HaHhmM Ari ('nl. Wy«. Ifll I, no. *0, pp. 2S»-3a«. 
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of these facts, it would therefore be advisable, when using country 
cake, to take such measures as will lead to tho destruction of the 
enzyme before feeding to cattle. [W. H. Habrison.] 

# 

• « 

INDIAN SUGAR COMMITTEE. 

The Government of India, in the Eevenue and Agriculture 
Deimrt-ment, issued the following Resolution on the 2nd October, 
1919:— 

“ Among the many questions which have been brought into 
prominence by the war, that of the possibility of organizing and 
developing the sugar industry in India stands high in importance. 
It is not a new question. It has been considered by the Board of 
Agriculture in India from time to time, and formed one of the main 
subjects of discussion at its last meeting at Poona in December 1917, 
when the necessity for a bureau of information on the industry was 
emphasized. A beginning in this direction has already been made; 
and Mr. Wynne Sayer of the Indian Agricultural Service was in 
February last placed on special duty to undertake the collection 
and co-ordination of all available information regarding the 
industry. But this is only a beginning and the Government of 
India realize that much remains to be done if any material ex¬ 
pansion of the industry is to be looked for. 

“ 2. Regarding the desirability of such expansion there can 
be no doubt. The food value of sugar is high : the annual con¬ 
sumption has been increasing steadily for many years, and in India 
no less than elsewhere. Sugarcane is indigenous in India which 
until very recent years stood first of all countries in the world in its 
area imder cane and its estimated yield of cane-sugar, and even now 
ranks second only to Cuba. Yet it is notorious that the yield both 
of cane and raw sugar per acre and the percentage of available sugar 
extracted from the cane are undesirably low. While, therefore, 
India should be in a position, as she was in the past, to produce a 
surplus of sugar for export, she has in fact had to supplement her 
own supplies by imports the tendcmcy of which steadily to increase 
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ias only been checked by war conditions. The same conditions 
have also served to emphasize the disadvantages involved in relying 
upon external sources of supply. The world prices of sugar have 
risen enormously, with the result that, while imports between 
19^-14 and 1917-18 fell in quantity from 900,000 to 600,000 tons 
approximately,they rose slightly in value from 14-96 to 15-32 crores. 
The beet-sugar industry has been disorganized over extensive areas 
in Europe and, if India cannot now look to herself to supply her 
own wants, she is faced wdth the alternative of either reducing 
her consumption of sugar, or paying increa.sed amounts to 
obtain it. 

“ 3. But if the desirability of extending the sugar industry 
in this country is obvious, the difiiculties involved are hardly le.ss 
so. Apart from the difiiculties attending the cultivation and 
manufacture of cane-sugar in all countries, the Indian industry is 
confronted with problems which are either jreculiar to Indui or exi.st 
there in a special degree. The systems of land teiuire exhibit great 
variety and are complicated by the customary laws of inheritance 
and joint ownershiji. Again, the Indk of the sugar produced hi 
India is consumed in its cnide state asgur or jaggery ; and this fact 
has an essential bearing on the prospects of a siucessfid venture 
for the production of factory sugar in any jiaiiicuhtr locality. Ihere 
are indications that the hicentive of present j)rices of sugar is attract¬ 
ing considerable attention to India as a fut-ther .sourc<r of supply ; 
and thatthe necessary capital and busine.ssenterprise would be forth- 
comii'g if the whole question both in its agricultural and manufac¬ 
turing aspects were thoroughly investigated, and the conditions 
essential to the establishment of an organized industry authori¬ 
tatively defined. The Government of India are, therefore, of opinion 
that the time is opportune for the appointment of a represei’.tative 
Committee to investigate the problem in all its bearings and to 
advise whether a definite and co-ordinated line of jiolicy can be 
kid do-wn for the promotion of further development. They have 
accordingly, with the approval of His Majesty’s Secretary of State, 
decided to appoint a Committee for this purpose during the coming 
cold weather, under the presidency of Mr. J. Mackenna, C.LE., 
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I.C.S., Agricultural Adviaer to the Gov6rr.ment of India, and with the 

following terms of reference :— • 

1. to examine the various sugarcane growing tracts of India 

with a view to determining the nature of the expansion 
possible in such tracts either by the development of 
a factory industry or by improvements in the existing 
indigenous methods ; 

2. to examine the possibility of consolidating the areas under 

cane and of the extent to which this is limited by the 
existing systems of land tenure ; 

3. to report on the work already done by the Sugar Expert 

with regard to the breedij’.g and selection of improved 
varieties of cane, and to make suggestions as to the 
extent and direction in which this work can be further 
expanded ; 

4. to examij'C the presold methods of co-ordinating work 

on sugarcane adopted b} the Agricultural Depart¬ 
ments working in the various provinces and the 
etliciei'cy of agricultural jmictice in vogue in India or 
recommended by the Agricultural Department ; 

5. '.0 examine the existing sugar factory in.dustry in India 

and to advise in wluit localities and under what con¬ 
ditions o factory industry can be successfully estab¬ 
lished ; 

6. to examine the economic and labour conditions now 

])revalent in the various districts where expansion of 
the sugar industry is likely and the question of 
imju’oving railway facilities and other means of 
transport which miiy be required with a view to 
furthering the spread of the industry ; 

7. to investigate the work that is being done in the intro¬ 

duction of improved small power plants and small 
power factories; 

8. to review the position of India with regard to the world’s 

sugar supply and to formulate recommendations for 
the improvement of that position ; 
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9. to investigate the conditions under which refined and raw 

sugac and molasses are imported into India ; 

10. to examine the effects of controlling such imports by a 

duty, and, where necessary, grading this duty so as 
to give preference to sugar grown in British depen¬ 
dencies ; and 

11. to examine the present conditions governing the manu¬ 

facture of rum under license from Government and the 
question of distributing such Government contracts. 
The Committee is expected to assemble on October 26th. It 
will tour to such extent as may be necessary for the local examin¬ 
ation of existing conditions, and it will examine witnesses with a 
view to the thorough consideration of all shades of informed opinion. 
The Government of India trust that Ix)cal Governments and Ad¬ 
ministrations and their ofl&cers will afford the Committee all facilities 
for the furtherance of its investigations, and will comply with any 
requests for information or advice which it may address to them. 

“ 4. The Government of India are not yet in a position to 
announce the names of all those who will serve as members of the 
Committee ; but its composition and personnel, in so far as these 
have already been decided, will be as follows :— 

1. Mr. J. Mackenna, C.I.E., I.C.S., Agricultural Adviser to 

the Government of India, President. 

2. A member of the Indian Civil Service as Vice-President 

(to be nominated later). 

3. The Hon’ble Mi‘. Lalubhai Samaldas, C.I.E., Bombay. 

4. Sir Frank Carter, Kt., C.I.E., C.B.E., of Messrs. Turner, 

Morrison and Company, (’alcutta. 

6. Sirdar Jogendra Singh, Punjab. 

6. Mr. J. W. Macdonald, of Messrs. Henry Tate and Sons, 

Ltd., Sugar Refiners. 

7. ) Two other experts to be obtained from England (will be 

8. / announced later). 

9. Mr. Wynne Sayer of the Indian Agricultural Service. 

In addition to the above the Committee will co-opt Mr. A. B. 
Shakespear, C.I.E., of Messrs. Begg Sutherland and Company, 
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Ckwnpore, as a member for the period of its tour in the United Prov¬ 
inces, and it is proposed similarly to co-opt a representative of the 
mdustry m Southern India. Mr. A. E. Gilliat, I.C.S., will act as 
Secretary to the Committee.” 

Since the issue of this resolution the Government of India l^ave 
appointed Mr. F. Noyce, I.C.S., as Vice-President, and Mr. B. J. 
Padshah, M.A., of Messrs. Tata, Sons and Company, as a member of 
the Committee in place of the Hon’ble Mr. Lalubhai Samaldas who 
was unable to accept the invitatioji, and have obtained the services 
of Mr. W. Craib, a planter with experience of Uemerara and Cuba, 
as a member of it. 

The Committee toured from the 26th October to the end of 
December, 1919, in the United Provinces, Bihar, the North-West 
Frontier Province and the Punjab. 

From January to April 1920, the Committee will tour in Assam, 
Bengal, Burma, Madras, Deccan Hyderabad, and Bombay. The 
Central Provinces and Gwalior will also be visited, but this may not 
be done till after tlie 1920 monsoon arrives. 

9|S 

* * 

COLLOIDS AND CHEMICAL INDUSTRY.-^ 

Anyone familiar, even in the least degree, with the general 
nature of chemical industry, and the applications of chemical 
science to other sciences, cannot but be impressed with the importance 
which colloid chemistry’ has attained witlrin recent years iu these 
tw^o directions. In order that the sigrificance of this branch 
of chemistry, hitherto very largely neglected, particularly in its 
scienti&c aspect, may be more fully appreciated and recognized, 
a conmrittee of the British Association was formed in 1917 to con¬ 
sider the problem. 

Last year {Nature, Iklareh 28, 1918) attention was directed to 
the publication of the first report of this comnuttee. The object 

• Second Report of the British Association Conimitteo on Colloid Chemistry and its 
General and Industrial Applications (1918). (Bublished for the Department of Scientific and 
Industrial Research by U. M. Stationery Ofiioe, 1918.) Price Is. 6d. net. 
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which the committee has in view is to prepare in the form of sec¬ 
tional reports a summary of information respecting the present 
position of colloid chemistry and its various applications to other 
sciences, and especially to chemical industry. Each section is 
written by an authority on the subject treated. The first report 
dealt ^vith the followng technical subjects:—Tanning, dyeing, 
fermentation industries, rubber, starch, gums, albumin, gelatin, 
gluten, cements, nitro-cellulose explosives, and celluloid. 

The committee Las now isijued its second report, which appears 
under the mgis of the Department of Scientific and Industrial 
Research. It may be obtained from H. M. Statioueiy Ofiic.e or 
through any bookseller. The general arrangement adopted in the 
first report is adhered to in the present one. I'his (insists of 

(1) classification according to the scientific colloid subject, and 

(2) classification according to the industrial process aiul general 
application of colloid scnence to other sciences. Ih'.der the first head 
the subjects treated are:—(i) Peptization and precipitation (\V. D. 
Bancroft); (ii) emulsions (E. Hatschek); (iii) the Lie.segang phemn 
menon (E. Hatschek); and (iv) electrical endosmose (T. R. Briggs). 
Under the second head are :--(i) Technical applications of electrical 
endosmose (T. 11. Briggs); (ii) colloid chemistry in the textile 
industries (W. Harrison); (iii) colloids in agriedture (E. J. Ruastd!); 
(iv) sewage purification (hi Arden*); (v) dairy chemistry 
(W. Clayton); (vi) colloid chemistry in physioh»gy (\V. M. Bayliss); 
and (vii) administration of colloids in disease (A. B. Searle). 

It is only right to point out that the compilation of these 
sections represents a gratuitmis contribution on the part of the 
compilers for the general benefit of all who nray be engaged in pure 
or applied science or in industrial operations in wliich colloids play 
a part. 

It is obvious, from the mere enumeration of the subject- 
headings, that a very valuable amount of material has been collected 
which, it is hoped, will serve the purpose of emphasizmg the 
fundamental importance of colloid chemistry for operations 
and processes which, at first sight, might appear to be wholly 
distinct. 
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A number of sections remain to be dealt with, and it is hoped 
that these will be included in the third report whjch iS now in pre¬ 
paration. [W. C. MoG. Lewis in Nature, dated 7th Ai^ust, 1919.] 

* 

* * 

REMOVAL OF RESIDUAL FIBRES FROM COTTON-SEED * 
AND THEIR USES. 

Mr. Ed. C. de Segundo, in the course of a lecture delivered 
at the British Scientific Products Exhibition on July 23rd, 
1919, said:— 

After the fibres of spinrable length have been removed from 
the seed-cotton by the action of the gin, and a further quantity 
recovered by saw-linting devices, it is found that upon about 
95 per cent, of the cotton-seed produced, an appreciable quantity 
of cotton fibre still remains adherent to the seed. These short 
fibres have long been known to be suitable for many industrial 
purposes if only they could be recovered in a sufficiently clean con¬ 
dition at a sufficiently low cost. The difficulties in the w'ay of 
accompILshiii.g this mechanically on a commercial scale appeared to 
be insuperable for a number of years, and it is stated that hundreds 
of thousfinds of pounds were spent in fruitless attempts on both 
sides of the Atlantic. Such fibres w'ere looked upon as a waste 
product until about seven years ago, when I was fortunate enough 
to w'ork out a machine wliich successfully sepaiated them cut 
from the decorticated hulls of the cotton-seed produced under the 
American system of manufacturing cotton-seed oil. These machines 
have been at work in the United States coiumerciallj' since the 
autunm of 1913, and a good many tliousand tons of such fibre in 
the fcrm of explosives w'ere used by the Allies during the war. 
About five years ago I was led to attempt the solution of a somewhat 
similar problem involved in removing these residual fibres direct 
from the cotton-seed, and the machine which I shall have the 
pleasure of showing you in action at the conclusion of this lecture 
is the result of these efforts. This machine removes from the 
woolly varieties of cotton-seed such of the residual fibres as are not 
recoverable efficiently or economically by saw-linting or other 
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existing devices, and delivers them in a form so free from the dirt 
and debris always .present in the cotton-seed of commerce, that the 
highest "grades of paper, artificial silk, vulcanized fibre and other 
commodities can be manufactured from the product of this machine 
which is termed “ seed-lint ” to distinguish it from the " hull-fibre ” 
recovered b}- the other machine to which I rt^ferred above. Upwards 
of 10,000 tons of the residual fibres obtained by my machines in the 
United States from the hulls of cotton-seed liave now been used in 
Great Britain, in France, and in the United States, for the manu¬ 
facture of high-grade papers, of explosives, and of vulcanized fibre. 
“ Seed-lint ” is, of course, identical in its cliaracteristics with 
"hull-fibre” but is superior in quality, being exarrtly the same 
material but removed from the seed bejore decortication. " Sceil- 
lint ” has been exliaustively investigated by the well-biown firm 
of Cross and Bevan, xVnalytical Cliemists, of Loiuhiu, who pro¬ 
nounce it to be " a new and supenor product which, (kh regards 
chemical composition, approximates to that of raw long cotton. 
Messrs. Cross and Bevan also draw attention t<» the fact that “ 8ee<l- 
lint ” fulfils the most exactii'g requirements for the pnxluction of 
cellulose acetate. Courtaulds, Limited, the well-known makers 
of artificial silk, have tested seed-lint for their sptxiial purposes, and 
have found it entirely' suitable. Last year the Ministry of Munitions 
of War investigated the properties of 8ec<l-lint. and reported that 
they found it suitable for the manufacture of nitro-cellulose 
powders. 

Apart from the industrial value of these residual cotton fibres 
the removal thereof from the seed concomitantly results in a coji- 
siderable improvement in the seed for the purpases of the production 
of oil and feeding-cake and in a corresponding increase in the market 
value of the seed, a fact that has recently been confirmed by the 
investi^tions of the engineer and manager of an important seed- 
crushing mill in England. His figures show that, on tite lam oj 
pre-toar trading conditions, tlie seed-crusher should realize an added 
advantage of as much as £2 10s. per ton by treating certain varietieg 
of cotton-seed in this machine prior to orujediing, as compared with 
the results obtained in his oxdiuary pxaotioe. Upon the baait of 
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prices '\iling to-day, the advantage wotld be much greater. This 
gentlenaan further points out that even the valpe oj the residmU 
jibree obtained he entirely neglected, there still remains substantial 
additional profit to the seed crusher. To go into technical details 
conc''ming this machine would take us too far afield, and I must 
confine myself to such aspects of the subject as are likely to interest 
you from a general point of view. [Journal oj the Royal Society 
of Arts, Vol. LXVII, No. 3480, August 1, 1919.] 

♦ 

* * 

MANIPULATION OF SHORT-FIBRED COTTON. 

An interesting lecture on the above subject illustrated by 
diagrams and photographs of lay-outs and machinery, samples 
of priced Indian and ('hin.ese cottons, various soft wastes and 
yarns, also blankets, towellings, and glass cloths chiefly naade in 
Germany prior to t he war and in the United States of America was 
given ai. " The Textile Institute,” Manchester, on Friday, March 
28th, 1919. The lecturer was Mr. L. A. Porritt, of Messrs. WiUiam 
Tatham, Ltd., Kochdale. 

Mr. Porritt explained that by “ short fibre ” he meant the 
shorter grades of Ii'.dian, Chinese, and Asiatic cotton with a staple 
of I inch and under. Short staple cotton is only suitable as a weft 
yarn, and the main object being to produce a full and round thread 
the “ condenser ” system is the one universally adopted. Plant 
suitable for treating 25,000 lb. per week would be a hopper bale 
opener, delivering by lattice to a hopper feeder coupled to a por¬ 
cupine opener, this to feed into a Crighton opener or not according 
to the amount of dirt, then through dust trunks to exhaust opener 
with beater and cages into a hopper feeder, delivering to single 
Buckley opener combined with single beater scutcher and lap 
machine. The loss between the bale and lap is about 7|^per cent, 
to 15 per cent. The laps are double on 2 finisher scutcher lap 
machines. The delivery would be in laps for carding engines 
48 inches to 60 inches wide, and by lattice delivery if for 60 inches 
to 70 inches wide, or if the cotton requires dyeing. On the 
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Continent the general custom is to use the wider widths. Carding 
is operated oh th^ two card system, known as breaking and fin¬ 
ishing. The cardin.g engine is of the usual roller and clearer type 
which in order to get a woolly or oozy effect is the most suitable. 
The rollers are frequently 7 inches in diameter and the clearers 
inches. The speed of the cylinders is 140 revolutions per minute, 
and so to prevent escape of dust and fly the cover over the 
“ Fancy ” receives special attention. A small clearer is placed 
between the cylinder and the dofler to prevent loss of fibre due to 
the quick speed of the cylinder. The undergrids are very stiff 
and can be accurately set. The finishing cardio.g engine is 
similar, but has a leather type condenser. The set of engines in 
the mill described were 71 inches wide with 140 threads with four 
bobbins of 35 threads and 2 waste. 

Very short stapled cotton could only be prejmred for 4’s 
to 8’s counts by the “ tape ” condenser. The bobbins are taken 
to the “ condenser ” mule. In tliis type of mule the creels for 
roving bobbins are replaced by horizontal surface drums about 9 
inches diameter, which uinrind the condenser bol)bins. There 
are two lines of bottom fluted rollers 1 inch diameter and one top 
leather covered roller 1 inch diameter. The draft is between the 
spindle and the roller and is about 2 to 1 for clean material and 
less for lower quality. The “ condenser ” mules for counts 4’s 
and above are fitted with a treble spindle speed to give increased 
production and superior quality. The first'speed is 1,800 revolu¬ 
tions for 18 inches of draw, then 2,700 revolutions until the car¬ 
riage is nearly at full stretch, and then 5,000 for twisting up. 
There is a motion to deliver | inch to 1 inch of yarn before the 
carriage starts from the beam, in order to prevent the yarn being 
overstretched. When spindles 6 to 6 carriage makes about 4| 
draws iier minute, for 7’s to 8*8 under 4 draws. Production of 
6’s equals 4|lb.; O’s lb.; 7’s 3 lb.; and 8’s 2| lb. 

It is understood that the firm with which the lecturer is conned- 
ted make a patent ring spinning frame for short cotton and waste. 
It is recommended where the material is comparatively clean. The 
threads pass from the condenser bobbin through a pair of delivery 
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rollers, 1J inch fluted bottom and inchestop plain, on through a 
twisting tube to the drawing inch front fluted and 1| inch back 
pressure covered with leather and lever weighted and on to the 
ring and bobbin. Draft between delivery and drawing rollers from 
11 to 2. Drawing is assisted by twisting tube which imparts a fajse 
twist to the roving. Production on lO’s counts about 3 lb. per 
spindle. [The Indian Trade Journal, dated 7th November, 1919.] 

♦ ** 

AGRICULTURAL EDUCATION IN THE CENTRAL PROVINCES. 

The following is taken from a notice in “ The Agricultural 
and Co-operative Gazette,” Nagpur, June 1919, by Mr. J. H. Ritchie, 
Deputy Director of Agriculture, Northern Circle, Central 
Provinces:— 

It is notified for general information that an Agricultural 
School for the sons of inalguzars and well-to-do tenants will be 
opened on the Powarkheda Farm near Hoshangabad on the 1st 
June, 1919. The course, the syllabus of which is given below, w’ill 
be for two years and will be half practical and half theoretical. 
Boys musi first have passed the Upper Primary Class before 
joining. 

Buildmgs have been constructed and a hostel for 32 boys will 
accommodate the students. On the farm there is a Se.rai, and 
fathers of boys can put up there if they wdsh to see what their sons 
are doin^. The department will probably nmnage to hold demon¬ 
strations to popularize the principal improvements if a sufficient 
number of parents assemble at the same time. It is proposed to 
allow 25 boys to enter the first year, an.d, as far as possible, this 
number will be allotted equally amongst the five districts of the 
Nerbudda Division. 

No fees are being charged except a hostel fee of Rs. 2-8 a month 
to cover incidental expenses, e.g., servants, lighting, etc. The 
boys can make their own arrangements for cooking, but it would 
probably be preferable if they were to form a mesa and have a cook 
who is being provided with all the necessary utensfls. 


7 
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Two teachers from the Education Department have been 
entertained after having received a training in agriculture at the 
Agricultural College in Nagpur. The Superintendent of the farm 
will also closely supervise their practical studies to ensure that the 
boys are being taught correctly. 

The syllabus of study is given below ;— 

1. Reading—From special Agriculture Text-book being 

prepared. 

2. Writing. 

3. Arithmetic.—The best upper primary text-book to 

be used in conjunction vath the toxt-bt>ok used at 
the Loni Agricultural School, Bombay Presidency. 
This subject will be taught with special reference to 
agricultural subjects. 

4. Geography.—The best upper priinaiy’ book to be used. 

Local geography and general physical geography. 

First Year — 

(1) Propagation of plants by means of seeds, cuttings, 

budding and layering. 

(2) Seed— 

(а) Plants and their use. 

(б) Germination and its requirements. 

(c) Germination percentage. 

(d) Importance of good seed. 

(3) Necessity of soils for plant life.' 

(4) Formation of soil in general. 

(6) Roots— 

{a) Growth. 

(6) Effect of light. 

(c) Use to plants. 

(d) Kinds. 

(6) Leaves— 

(a) Different forms. 

(&) Use to plants and their work. 
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(7) Insect life— 

(a) Stages of life. 

{b) Use of colour to insects. 

(c) Their mode of feeding. 

(d) Classification according to mouth part s. 

(e) Rearing of insects to study the different stages. 

(f) Information about crop pests in general and 

methods of destruction. 

(ff) Insecticides and use of sprayers. 

Second Year — 

(1) Insects of stored grain and cattle and how to destroy 

them. 

(2) plant life continued— 

(1) Flowers— 

[a) Parts and use. 

{b) \ ^se to plant in seed fornoation. 

(2) Dispersion of seed. 

(3) Struggle for existence. 

(4) Life-history of some plants. 

t/)) General information about fungus life and some 
common diseases with controlling measures. 

(6) Parasitic plants. 

The Nature Study will be mostly or generally practical to 
develop observation. 

6. Village life— 

(1) Simple lessons on village sanitation. 

(2) Principles of marketing. 

(3) Advantages of co-operation. 

(4) Rural credit. 

(5) Village, Taluq and District administration. 

(6) System of land revenue in force. 

(7) Malguzari rights. 

(8) Reading and understanding of Patwari maps. 
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6. Principles of agriculture— 

(1) Classification of soils. 

(2) Constituents o;f soils and their properties, 

(8) Physical properties of soils 

(4) Soil improvement. 

(5) Irrigation. 

(6) Manures. 

(7) Crops. 

(8) Vegetable growing. 

(9) Animal husbandry. 

(10) Milk. 

7. Practical farm work.—Each boy will be allotted | acre 

of land for growing staple crops on the group system 
and a plot for vegetable and fruit growing on the 
individual system. 

8. Elementary carpentry and smithing. 

• 9. Fruit and flower gardening. 

10. Elementary land-surveying and crop-cutting experi¬ 
ments. 

From the above syllabus it will be seen that a fairly compre¬ 
hensive study of agricultural practice is intended. There will be 
very little really scientific study, as most of the time will be devoted 
to the study of Nature out of doors to help and develop the obser¬ 
vation faculties of the boys and to stimulate their interest by making 
careful records of what they have seen. 

The department cannot oiler any post to students who pass 
through this course, as it is intended that such boys should return 
to their father’s land to improve his cultivation. 

« * 

The following account of the working of the Federal Farm Loan 
Act of the United States by the New York Correspondent of the 
“ Economist ” will be read with interest:— 

The Act was passed on July 17, 1916, and provided for the 
creation of two classes of institutions, both designed to lend money 
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lit low rates of interest on improved farm properties. Tixe first 
class of institutions is known as the Federal La^d Banks, twelve of 
which were incorporated under the Act to operate in the twelve 
Federal Eeserve Districts, which divide as nearly as possible into 
equal portions the whole area of the United States. These banks 
are limited to twelve in number, and their ordinal capital was 
subscribed by purchase by the Treasury Department of the United 
States, After the organization was completed and the capital 
paid in, each bank proceeded to receive applications for farm 
loans based on 60 per cent, of the value of the land and 20 per 
cent, of the value of improvement on mortgages not exceeding 
a total of $10,000 on any one farm. When these mortgages 
liad been approved by the Federal Farm Loan Board at 
Washington, the fuiids were advanced by the individual banks to 
the borrowers, and the mort^ges thus secured were deposited 
as collateral for the Federal Farm Loan 4| and 5 per cent. 
Bonds issued by the twelve banks and sold to the public, thus 
providing new fresh fimds to continue the operation indefinitely. 
Federal Farm Loan and 6 per cent. Bonds, while issued by 
each of the twelve individual banks, are jointly and severally 
guaranteed by aU of the other banks. The Bonds have a 
maturity of 20 years, are optional after five years, and are deemed 
and held to be instrumentalities of the Government of the 
United States, and as such are free of all taxation except In¬ 
heritance Taxes. The Government does not, however, directly 
or indirectly guarantee the payment of either interest or 
principal, although the Federal Farm Loan Board is a bureau of 
the Treasury Department. The Supreme Court of the United 
States, in holding that the Bonds were instrumentalities of the 
Government did not state what an instrumentality ms, nor 
has the point ever been conclusively answered by any court. 
When the banks were able to sell 4^ per cent. Bonds profitably 
money was loaned to the farmers at 5^ per cent., but when 
the market conditions became such that it was necessary to 
increase the rate on the bonds to 6 per cent., then advances 
were made on mortgage at 6 per cent. The law provides 
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that the banks can only charge the borrowing fanner 1 per 
cent, in excess' of- the cost of the money to the banks, and such 
banks may continue to loan until their outstanding Bonds secured 
by mortgages are equal to 20 times their capital stock, but since 
the provisions for capital increases are relatively simple, there is 
therefore no apparent end to the opei-atioi'.. The same Act pro¬ 
vided for the creation of Joint Stock Land Bai^ks without limit as 
to number, except that their scope of operation is limited to the State 
in which they are incorporated, and one contiguous State. Joint 
Stock Land Banks operate under tiovern.meut charter and super¬ 
vision, and lend money on identically the same terms as the twelve 
Federal Land Banks, except that they cai' take a mortgage of any 
size that the directors and Farm Loan 13oarda])prove. In addition 
to these differences, the capital stock of iJie Joint Stock liind Bank 
is privately owned, and their bonded debt limited to 15 times their 
capital stock, nor do these banks jointly ai’.d severally guarantee 
each other’s debts, but are resjxjnsible simj)Iy for their own outstand- 
ingBonds. Bothsystemshavebeena tremendous success, although 
the cry of class legislation has frequently been, rais(>d and efforts 
to nullify the tax exemption been rejwatedly nuidc. IMortgage 
loans of the Federal Farm Loan Bfinks amount to something 
over $160,000,000 while the Land Banks have loaned in the 
neighbourhood of $50,000,000. The former take care of the small 
borrower while the latter ordinarily get the business of the larger 
absentee landlords, who own and carry enormous projjerties 
in the North-West. As regards the Bonds themselves, both 
types have from the start proved extraordinarily attract,ive. The 
indirect liability of the United States Government, the tax 
exemption, the wonderful security provided by the collateral mort¬ 
gages have all been factors of great appeal, and no public issue 
has been n\ade without meeting an almost immediate response. 
The firiancing of the Federal Farm Loan Banks lias always 
been handled by Alexander Brown and Sons, of Baltimore, while 
the Joint Stock Land Bank Bonds have almost from the 
beginning been placed by the Equitable Trust Company of New 
York. 
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POSITION OF SEED IN COTTON. 

Mr.. G. L. Kottub writes in the “ j^oona j^icnltural College 
Magazine ” (July 1919):— 

The writer was studying the causes of stunting in cotton when 
he happened to read “ Natural History of Plants ” by Kemer where¬ 
in the subject of the position of seed is treated in a veiy impres¬ 
sive manner. Keriier says that there are 7 kinds of cotyledons and 
in the seventh they require to be withdra^vn from the seed-coat 
during germination. In this particular case, he says, the position 
of the seed is important. He cites the instance of the big and flat 
cucurbit seeds, and points out that the most favourable condition is 
obtained when the axis of the hypocotyl and radicle lie parallel to 
the surface of the groiu\d. He further adds that when, seeds of this 
sort are sown they usually assume this position. 

Cotton, we know, withdraws its cotyledons from the seed-coat 
during germination and as such the author thought that the posi¬ 
tion of seed had some influence on stunting. He therefore began 
experiments on the subject, but before his observations were 
complete a paper was read by Rao Saheb M. L. Kulkarni at the 
Fifth Indian Science Congress in which the “tip up^ ” position was 
described as the most advantageous in cotton. The author 
however continued his experiments and the results which he 
obtained are given here. 

One hundred seeds of the same weight were taken from a pure 
strain of cotton and sown in pots in three different positions : 
fl) Apex up, (2) Apex down, (3) Apex side. All the seeds were sown 
at the same depth, viz., 1 inch, and the condition of the pots was 
kept uniform throughout. The following table shows the percent¬ 
age of germination :— 
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^ A^ne. Joum, of India, Speoial Indian Science Congress Mamber, 101S. 
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A small percentage of these seedlings brought the seed-coat 
above the surface of the ground in the first two instances, the high¬ 
est percentage beifig 3’3 in the case of apex down position. This 
shows that position has very little to do with the bringing off of the 
seed-coat. The radicle first elongates and fixes the seedling to the 
ground. The hypocotyl then grows but in the opposite direction, 
and a pressure is thus exerted on the sced-coat. If at this stage 
the seed-coat is firmly held in its position whatever the latter may 
be, the cotyledons are easily withdrawn leaving the coat in the 
ground. But if the seed-coat is not firmly cemented to the ground 
it comes like a cap above tlie surface. In loose soils and in shallow 
sowings the coat is not firmly fixed and a large number of seedlings 
bring the coat on their cotyledons in the case of all positions. 

All the seedlings in the three pots were allowed to grow for 
about a fortnight and no difference in vigour was .seen in favour of 
any position. The seedlings which had come up with the seed-coat, 
threw off the coat immediately and grew equally vigorous. 

Later on another experiment was inidertaken to ascertain 
the yields. In this experiment also, the seeds of one pure strain 
of the same weight were dibbled one inch deep on an even piece 
of land in the field. 112 seeds were thus sown 24 inches by 
18 inches in each position. The following statement gives the 
result obtained:— 


» Ncmbkr of sgKDs I Number or bkeo- 

S OEKMI.MATEll OS OBTAINKO 

m !___ 

: : ! - , 



The plants on the three plots were examined in the seedling 
stage and also later on, but it was not possible to detect any 
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difEerence in them. The following statement shows the yields 
obtained from these :— 


Serial nuniber | 

Beed position 

Plants whos* cotylb- 
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1 
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85 

176 

•_>07 

8 

19i 

2*44 

93 

I93i 

210 

*> 

,, (lown 

78 

165 

211 

16 

33 

2-06 

94 

198 

2-11 

3 

„ eicte 

83 

173 

2-08 

16 

35i 

2“21 

99 

2081 

211 


The results of these experiments conducted with all possible 
care indicate that there is very little advantage to be gained by the 
position of seed in the case of cotton. There is no position which 
has an appreciable influence on the germination of the seed, vigour 
of seedlings or the yield of the individual plants. 

* 

4 > * 

AGRICULTURAL PESTS AND DISEASES ACT IN COIMBATORE 

DISTRICT. 

The foliowin.g note has been issued by the IVIadras Publicity 
Bureau:— 

A note has already been published explaining why the Pests 
Act has been put into force in the Coimbatore District. The public 
may be interested to hear soniething of the result of the application 
of the Act. The particular object aimed at ^vas the eradication of 
all Cambodia cotton by the beginning of August, so that the boll- 
worm moth, emerging from the diseased bolls, might during the 
next month find no fresh cotton plants wherein to lay her eggs. As 
no bollworm moth has been known to live for more than 34 days, 
this was calculated to effect an enormous mortality in bollworm 
circles. 

The Act has been enforced with the smallest possible friction 
and so far from ryots being at all averse to the idea of pulling up a 
crop still capable of bearing something, they have raised no 
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objections, and in places have actually welcomed the step. It is as if 
they realized 'iLr t it was bad farming to leave the crop in the ground, 
for the Coimbatore Gounden is an observant individual and a 
shrewd farmer, but that without the little bit of necessary compulsion 
they could not bring themselves to do what they realised they ought 
to. There have been so far as we can learn, no proceedings taken 
under the Act and no opposition, except in. ore tract where less than 
a hundred petitions are pending. This is a very satisfactory state 
of things and reflects great credit on all concerned, on the officers 
who had to see the Ordii'ance carried out, and on the ryots who in 
many cases suffered pecuniary loss. This latter has as a matter 
of fact not been much in. any case : any man. wh<» had a field of 
Cambodia cotton in bearing must have already gathered a very 
heavy and profitable crop, and could quite well afford to lose the 
few and diseased bolls still remaining on the plan t. The staff, from 
all accounts, interpreted the Act leniently, and since the sudden 
demand for labour was impossible to meet in some tracts, a few 
days’ grace was permitted where asked for. The interpretation of 
the regulation and the explanation of it s necessity and its bearing 
in the future crop of cotton were the work of the Agricultural 
Department subordinates, and right well they have done it. It 
seems odd to see a Brahmin assistant demonstrating to an interested 
crowd of Goundens, Naicks, or GoUas, the bollworm’s habits and 
the damage it does. 

A point the importance of which even our up-to-date Agri¬ 
cultural Department failed apparently to- realize, was the great 
benefit which comes from grazing the field before pulling it out. 
The local ryot was acute enough to see tliat he saved both ways : 
he fed bis cattle or his sheep, or at any rate got thedun.g from some 
one else’s animals during the process, and at the same time he 
insured a much more certain destruction to the boll worm. Any 
one who has seen a field of cotton, after a herd of sheep and goats 
have fijiished with it, a bare ground with a few bare sticks on it, 
and never a sign of a boll or a leaf, and realizes what the digestive 
powers of a goat are, must realize that here we have the most 
potent instrument for boUworm destruction that could be devised. 
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WORLD’S FOOD CROP. 

The following information has been issued by'tiie International 
Agricultural Institute at Rome:—The yield of wheat in Spain, 
Scotbnd, Italy. Canada, the United States, India, Japan, and 
Tunis is estimated at 929,625,000 cwt, or 5‘6 per cent, below the 
1918 crop, and I'l per cent, below the average yield of the five 
years 1913-17. The estimated production of rye for Italy, Canada, 
and the United States is given as 48,274,000 cwt. or 7-1 per cent, 
below last year’s production, but 67’3 per cent, above the average 
crop for the years 1913-17. The barley crop for Scotland, Italy, 
Canada, the United States, Japan, and Tunis is estimated at 
159,397,000 c^vt. or IS'l per cent, below last year’s production, 
and 4-1 per cent, above the average production of the years 1913-17. 
The estimated production of oats in Scotland, Italy, Canada, the 
United States, Japan, and Tunis is 491,933,000 cAvt. or 18'4 per 
cent, below the 1918 yield, and 7‘2 per cent, below the average 
yield of the five years 1913-17. The maize crop in Italy, Canada, 
and the United States is estimated at 1,473,592,000 cwt. or 10‘2 
per cent, above ,the 1918 production, and 3 per cent, above the 
average yield of the years 1913-17. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


We regi-et to recoid the death of Mr. D. Meadows, Civil 
Veterinary Department, Punjab, who was drowned in a Jheel 
while out for shooting. 


WOODHOUSE-SOUTdEKN MBMOttlAL FUND. 

Ks. 

Donations received up to the Slst August, 1919, and acknowledged 1,950 
in the Agriculiural Joumil oj hidw, Vol. XIV, Pt. V, October, 

1919. 

Donations received during the period from 1st Se])tember to 30th 
November, 1919 

Miss B. Wright (S) .. .. .. ,, ]*2 

AlfredWiight, Esq. (S) .. .. .. 50 

A. C. Dobbs, Esq. .. .. .. .. ipy 

E. C.Wood,Esq. .. .. ' 

H. C. Sampson, Esq. .. jpo 

L. C. Coleman, Esq. .. ., ., ,. iqu 

K. S. Finlow, Esq. .. .. .. ,. 50 

D.Chalmers, Esq., I.C.S. .. .. 40 

J. H. Ritchie, Esq. .. .. .. ,, 20 

F. .I. Flymen, Esq. (W) .. .. ,, 20 

G. P. Hector, Esq. (W) .. .. ,, 20 

Total Rs. 2,662 
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Me. J. 0. B. Drake, O.B.E., I.C.S. (Bihar & Oriasa), has been 
appointed Under Secretary to the Government oHhdia, Depart¬ 
ment of Revenue and Agriculture, nee Mr. P. P, M. C. Plowden, 
I.C.S.. whose services have been replaced at the disposal of the 
Government of the United Provinces. 

* * 

♦ 

Mr. a. Howard, C.I.E., M.A., and Mrs. Gabrielle L. C. Howard, 
M.A., Imperial Economic Botanists, have been granted combined 
leave for 11 months. 

* 

♦ * 

Mr. A. P. Jameson, B.Sc., who has been appointed by the 
Secretary of State for India as Protozoologist at Pusa, joined his 
duties on the 17th October, 1919. 

* 

♦ ♦ 

Mr. R. Cecil Wood, M.A., Offg. Director of A'^riculture, 
Madras, ha.s been granted combined leave for 18 months from or 
after 15th March, 1920. 

♦ 

♦ ♦ 

Mr. F. T. T. Newland has been confirmed in his appointment 
of Governme^it Agricultural Engineer, Madras. 

* 

* * 

On return from militaiy service, Mr. E. Ballard, B.A., F.E.S., 
has resumed the duties of Goverrmeiit Entomologist, Madras. 

♦ 

♦ ♦ 

Mr. a. Wilson, M.A., B.Sc., Deputy Director of Agriculture, 
Cinchona, Madras, has been gmnted priv lege leave for six months 
with effect from the date of relief. Mr. E. Collins, Superintendent 
of the Naduvattam Cinchona Estate, will act for Mr. Wilson in 
addition to his own duties. 

* 

* * 

M. R. Ry. M. V. Raohavalu Nayudii has been appointed 
to act as Deputy Director of Agriculture, Live Stock, Madras, until 
further orders. 



1|0 


AGiacmTPBAz. jotniM ow mviA 


[XV, 1. 


Mr. E. J. Bruen has been appointed Deputy Director of 
Agriculture fpr Animal Breeding, Bombay, with efted; from the 
l»th September,' 1919. 

The Secretary of State has sanctioned the proposal to 
appoint Mr. V. A. Tamhane, M.Sc., L.Ao., to the post of Soil 
Physicist, Bombay, in the Indian Agricultural Service, after he 
goes through the requisite training in England. 

*% 

Mr. a. D. McGregor, M.R.C.V.S., Offg. Superintendent, 
C.V.D., Bengal, has been confirmed m the Civil Veterinary Depart¬ 
ment. 

* 

* * 

Mr. 6. C. Sherrard, B.A., Deputy Director of Agriculture, 
Bihar and Orissa, has been granted combined leave for one year. 

♦ 

* * 

Mr. H. M. Leake, M.A., Economic Botanist to Government 
and Principal, Agricultural College, Cavixpore, has been appointed, 
on return from leave, to officiate as Director of Agriculture, United 
Provinces, vice the Hon’ble Mr. H. R. C. Hailey, C.I.E., I.C.S., 
granted privilege leave for six months. 

♦ 

* « 

M]^ H. E. Annett, B.Sc., F.I.C., Agricultural Uhpmiat to the 
Government of Bengal, on special duty in the United Provinces, 
has been granted poinbined leave for 17 months arid 19 days, from 
the 12th April, 1919, exclusive of the period of his deputation in 
England for a period of sue weeks. 

Mb. J. N. Sen, M.A., F.C.S., Supernumerary Agricultural 
Chemist, on special duty under the Government of the United 
Pioyinoes, was on privilege leave for one month from the 19th 
November, 1919. 
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Mr. T. Rennik, M.R.C.V.S., Second Superintendent, Civil 
Veterinary Department, Burma, baa been grante#T5ombined leave 
for ten montha. 

* 

* * 

Mr. E. Sewell, M.R.C.V.S., who has been appointed to the 
Indian Civil Veterinary Department, has been posted as Professor 
of Sanitary Science in the Punjab Veterinary College. 

On return from leave, Mr. H, E. Cross, M.R.C.V.S., assumed 
charge of the office of Camel Specialist, Sohawa, on 27th October, 
1919. 

* 

* * 

Mr. G. Evans, O.I.E., M.A., Deputy Director of Agriculture, 
Central Provinces, is on combined leave for eight months from the 
5th July, 1919. 

* 

* 4 > 

Mb. C. P. Mayadas, M.A., B.Sc., Assistant Director of Agri¬ 
culture, Northern Circle, (Central Provhices, has been transferred 
in the same capacity to the Western Circle from the 16th October, 
1919. 
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A Manual for Co-operative Societies in the Bombay Presideney.—By 
B. B. Ewbaitk, I.C.S. 

The author of this book ia the Registrar of Co-operative 
Societies in the Bombay Presidency, and he is not one of those that 
darken counsel by words without knowledge. His purpose, he tells 
UB, is to place the accumulated experience of his department, in a 
simple form, at the disposal of the public. This purpose he has 
attained; and, after having searched Mr. IT. W. Wolff’s “ Co- 
operatk>n in India,” and after having searched in vain, for definite 
guidance conveyed in clear English, it ia with great relief that one 
turns to a book which is. written by an expert who has not had the 
amazing temerity to write about a country, or rather a collection 
of countries, which he has never even seen. Mr. Ewbank has a 
great deal to say about Co-operation in the Bombay Presidency. 
And what he says is generally well expressed and always to the 
point, though never marred by that contention for the last word 
which is the bane of human relations. A man’s opinions are not 
more important than the spirit and temper with which they 
possess him, and our author is clearly not one of those who are 
always insisting on better bread than can be made of wheat. 
In his fourth and fifth chapters Mr. Ewbank gives some valuable 
hints on the or^nization of agricultural credit societies. 
Regarding the number of members permissible in a credit 
society Mr. Wolfi treats us to a lengthy discourse "about it and 
about,” and, at the close, " we go out by that same door wherein 
we went.” Mr. Ewbank gets to the root of the matter in a 
sentence. "Many societies in this Presidency have lost their 
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unity «nd tvecome inefficient from tlie fact that they have allowed 
thdrinembeiship to become unwieldy. ” Again, in hivrfixth chapter, 
our author tells ns, in clear language, what the radical difierence 
is between co-operative credit in the town and its country cousin. 
“ An urban or limited society,” he says, " is intended to meet con¬ 
ditions for which a rural or unlimited society is unsuitable. In 
country villages the members are usually thoroughly acquainted 
with each other’s character, means, and behaviour, and know exactly 
how much money a particular person requires and how far he can be 
trusted. They are, therefore, not unwiUmg to accept joint and 
unlimited liability for each other. This joint and unlimited liability 
forms the basis of the credit of the society and enables it to raise 
fimds from outside lenders. In a town, circumstances are different. 
Members of different classes or professions cannot all be acquainted 
with each other ; they are usually artisans or traders who o^ very 
little land or real property and, therefore, have no very substantial 
property to offer. They want funds for their own business but do 
not want to be troubled with their ne^bours’affiiira. It would be 
unreasonable to expect such persons to submit to joint and 
unlimited liability.” 

In his ninth chapter, Mr. Ewbank explains the functions of 
” Guaranteeing Unions,” from Mr. Wolff’s adverse criticisms of 
which we venture to demur in the uplifted spirit of the Trodden 
Worm. “ Guaranteeing Unions ” are, in reality, nothing more 
than groups of societies, the members of which supervise each other 
and are responsible for each other’s borrowings. It is upon the 
development of “ Guaranteeing Unions ” that the expansion of rural 
co-operative credit depends in India ; for there are so few members 
of societies who are able to read and write that the promoter of 
rural economy must use an orj^mization which is well calculated 
to get the greatest amount of public benefit from them. ” A Union 
will sweep away delays, ” declares the Bombay Begistrar. If it 
does, it will be a startling novelly in India, a country in which there 
is not mnch that is jaldi except the word. 

Theou^ the interesting chapters provided on District Gootad 
Banks, Provincial Banks, Stores, Cattle Xhsorance, and other 

8 
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ifl# f)iw>pe»tive effort WB iMiBdlttttfc aeconq**^^ ®wl»ilk 
in i^zxel They are fuH <rf gieat thoii|^ts from ^ itotil* 

and, as exprsaaed by a practical enthusiast, they go round bf* 
head. In thirteen years the number of societi«i in the Bombay 


Pljssidenoy has increased from 12 to 1,650} meaibership from 019 to 
166,805, and working capital from a few thousands of mpms to 
Bs. 1,«2,89,000. For eight years Mr. Ewbank has guided the movo* 
ment in his province, and if Registrars are to be known by their 
fruits, then, indeed, it is dear that the Bombay PresBenr^ has 
been fortunate in securing the devoted services of the author of 
this book. [H.R. C.] 


* 

* * 


The Journal of Indan Botany, Vol. 1, Mo. 1.—Edited by P. F. 
Fyson, B.A., F.L.S., Presidency College, Madraa [Printed 
and published by the Methodist Publishing House, Madras.] 
Price per annum, Rs. 10. 

This is the first journal of its kind that has appeared in India. 
It is designed to be a means of publishing botanical work done in 
Indk. Up to date there has been very little opportunity for pub¬ 
lishing articles on pure botanical matters. The Journal of the 
Bondbay Natural History Society ” has often given such articles a 
home in its pages, but the need has been felt, for some time, for a 
magazine devoted entirely to botany. 

The publications of the Agricultural and Forest Departments 
d^l with botany as applied to these special subjects. The magazine 
under review deals with '* pure ” botany, meaning botany as a 
branch of knouded^, quite apart from its utiUtarian aspects. 

On this account it is of interest chiefly to professional botanists, 
and to botanical students. The number of persons in both these 
classes in India is now considembb, and it is hoped that they 
will support this new venture, which is to them a source of great 
beneflt. 

The present number is a mo^st blue-covered book of 82 pages, 
emataining lour oniginai articles and a great number of notices of 
hooka and papers. These original artidea eompaze well la mettiv 


And tityh nKili |nil>Iuhed in tho newAr bota&ioAl pazaAli in 
Britain and Aznerica. The illuatmt^u axe iabB doa<?iid Intending 
contribntora ccn see for thexoselTei that their dxawing^ w21 be 
properif zeptoduoed. 

Sabsoriptions should be sent to the Editor, Professor l^soi), 
Fresidenoy College, Madias, by any manner found oonvenient. 
[W. B.3 

**• 

First Beport of the Bomluiy Central Co-operative Institute tor the period 

ending the Slst Mareh, 1919. 

The institute has recently been started, and has fox its object 
amoxg others, the development of the co-operative movement in 
all possible directions, the organization of junior and senior classes 
for educating the secretaries and other workers of co-operative 
societies, and the publication of periodicals, leaflets and books on 
the subject of co-operation in English as well as in the vernaculars 
of the presidency. 

The report covers a period of six months only. Much of the 
time was necessarOy spent on spade work and, in this, the wuckers 
appear to have made satisfactory progress. The institute has a 
large field of work before it and conducted as it is under the guidance 
of an es^ierienoed co-operator, Mr. R. B. Ewbank, I.C.S., it ought to 
fulfil its functions. 

Thirty nigjht schools in villages in which illiteracy hampers the 
progress of co-operation have already been opened, and it is expected 
to open ten more schools of the type. It is very gmtifyii^ to 
note that the promoter of this promising scheme—Sir Yithsldas 
D. Thakexsey—^has underta ken to pay the cost amounting to 
Bs. 60,000 and to continue to finance the scheme should it prove a 
supcess. [Edxtos.] 

**• 

The Pr ditninar y Report on the Water Power Resouiees In Inria.—^By 

Mr. J. W. Meabes, M.I.O.E., Chief Engineer, Hydro Eteotno 

Survey. [Superintendent of Government printing, C^loutta.] 

Tee report consists of 7 chapters, illustrated mcoeflant 
plstea and maps, and U appendices containing the mlOisiialiBn. 
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hitherto eoUeoted the rivers and other possible Sotiroes 

oi deotric -go^^S^ India and Boima. 

• The opening chapter contains a very clear exposition of the 
methods by •which power can be developed from streams and reser- 
voin^ and corrects the popular misconception that a natural 
waterfall like that in the Cauvery or at Niagara is necessary. The 
importance to India of combined schemes of irrigation and power 
is also clearly brought out. Further on, “ Weather and Water,” 
“ Localities and Surveys,” “ Power and its Uses,” are dealt with. 
Then follows a chapter on State control, charges for wate^" power 
and leases and agreements. Chapter six summarizes oar present 
knowled^ <rf the water power already developed, under 
development, and examined with a view to development. A general 
description is given of the conditions in each province as an 
introduction to the “ lasts of Sites ” in the Appendices. 

The final chapter puts forward a constructive programme for 
the further work of the survey in its various aspects, and calls 
attention to specially favourable sites for survey and perhaps 
development. 

So far as the preliminary investi^tion has gone—and it is 
admittedly incomplete—India’s industries now absorb a matter of 
over a million horse power, of which only some 286,000 is supplied 
by electricity from steam, oil or water. The water power so far 
actually in sight amounts to If million horse power, but this 
excludes practically all the great rivers at present uninvesti^ted. 
Thus"it is stated that the minimum flow of the seven great rivers 
eastward from the Indus is capable of giving no less than 3 million 
horse power for every thousand feet of their fall from the 
Himalayas, while similar considerations apply to rivers in other 
parts. Some doubt, however, is expressed as to the estimate of 
seven million horse power in the Irrawaddy Snd Chindwin rivers, 
^en in the Report of the Conjoint Board of Scientific Societies. 

While Bombay is in an especially favourable position in respect 
to •water power, Bengal at present depends on its coal fields, thouj^ 
it has the honour of owniz]|;the first hydro-electric statum in Indk 
at lHarjeelmg. la this nei^bouxhood, the report shows that gieat 
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power is ayailable from the Teesta, the Jaldala and other rivers of 
Bengal and Bihar. What is now wanted is a cap^list to develop 
these potential sources of wealth. 

The first edition of 2,000 has been practically taken up for 
official use and a second impression has already been ordered. 



MEW BOOKS 

' ON AGRICULTURE AND ALLIED SUBJECTS 

1. A Large State Farm: A Buaineas and Educational Under¬ 

taking, by Lt.-Col. A G. Weigall and Casfcell Wrey. 
P]p. xiii-f 82. (London: John Murray.) Price, 8d. net. 

2. The Flower and the Bee: Flint Life and Pollination, by J. H. 

Lovell. Pp. xvii+286. (London : Constable & Co., Ltd.) 
Price, 10s. 6d. net. 

3. The Farmer and the New Day, by K. L. Butterfield. Pp. 

iz+311. (London: Macmillan & Co., Ltd.) Pnoe, 
8s. 6d. net. 

4. The Fauna of British India, including Ceylon and Burma. 

Coleoptera, ChrysomelidsB (Hiapinae and Caasidinas), by 
* Prof. S. Maulik. Pp. 3d+439. (London: Taylor A 
Francis.) 

5. The Cactaceee: Descriptions and Illustrations of Plants of the 

Cactus Family, by N. L. Britton and J. N. Rose. Vol. I. 
(Washington: The Carnegie Institution.) 

6. Problems of Fertilisation, by Prof. F. P. Lillie. (University 

of Chicago Science Series.) I^. 3di4-278. (London: Qim- 
bridge University Press.) Price, 1*75 dollars. 

7. A Source-book of Biological Nature-study, by E. R. Downing. 

(University of Chicago Nature-study Series.) Pp. zzid-fi03. 
(London: Cambridge University Press.) Price, 3 dollars. 

8. Mining and Manufacture of Fertilizing Materials and their 

Relation to Soils, by 8. E. Lloyd. Pp. vi4-I63. (London: 
Crosby Lockwood & Son.) Bice, 9«. net. 

0. Mathematics for Collegiate Students of Agriculture and General 

Science, by Profs. A. M. Kenyon and W. V. Lovitt. Revised 
edition. Pp. xii-j-337. (London: Macmillan A Co., lAd.) 
Price, lOs. fid. net. 
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10. First Advice to-Would-be Famras, by E. E. Green. Pp. 190. 

(London ; Country Life ” Offices.) Price^^Ssf net. 

11. Note-book of Agricultural Facts and Figurea for Farmers and 

Farm Students, by P. McConnell. Pp. 538. (London: 
Crosby Lockwood.) Price, 15s. net. 

12. The Silk Industry arid Trade: A Study in the Economic 

Organization of the Export Trade of Kashmir and Indian 
Silk, with Special Reference to their Utilization in 
the British and French Markets, by Ratan C. Rawlley. 
Pp. Avi+172. (London: P. S. King & Son.) Price, 10a. 
dd. net. 

13. Birds Beneficial to Agriculture : Economic Series No. 9 British 

Museum (Natural History), by F. W. Frohawk. Pp. vi-f-47. 
[London: British Museum (Natural History).] Price, 2s. 

14. The Planting, Cultivation, and Expression of Coconuts, 

Kernels, Cacao, and Edible Vegetable Oils and Seeds of 
Commerce. A Practical Handbook for Planters, Financiers, 
Scientists a’>d others, by H. Osman Newland. (Griffin’s 
Technological Handbooks.) Pp. vi-}-lll-}-xi plates. 
(London; Charles Griffin & Co.) 

15. Heredity, by Prof. J. Arthur Thomson. Third edition. (The 

Progressive Science Series.) Pp. xvi-|-627. (London : John 
Murray.) Price, lOs. net. 

16. Catalysis in Theory and Practice, by Dr. E. K. Bideal and 

Prof. H. S. Taylor. Pp. xv+496. (London : Macmillan & 
Co.) Price, 17s. net. 

17. Insect Artizans and their Work, by Edward Step. (Hutchin¬ 

son’s Nature Library.) Pp. x-f-318. (London: Hutchinson 
& Co., n. d.) Price, 7s. 6d. net. 

18. Insect Pests and Plant Diseases in the Vegetable and Fruit 

Garden, by F. Martin Duncan. Pp. 95-fxii |dates. (London: 
Constable & Co.) Price, 3s. 6d. net. 

19. The Condensed Chemical Dictionary, compiled and edited 

by the Editorial Stafi of the Chemical Engineering Catalogue. 
Pp. 526. (New York: The Chemical Catalogue Co., Inc.) 
Price, 5dollars., 
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20. Applied Economic Botany l«8ed upon actual Agricultural 
Gardeniiig Projects, by Dr. M. T. Cook. Pp. xviii+261. 
(Philadelphia and London: J. B. lippincott.) Price, 
7«. 6d. net. 

> Thx following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue ;— 

Memoirs. 

1. Absorption of Lime by Soda, by F. J. Warth, M.Sc., B.Sc., and 

Maung Po Saw. (Chemical Series, Vol. V, No. 6.) Price, 
R. 1-2 or 2s. 

2. kPythium Disease of Ginger, Tobacco and Papaya, by 

L. S. Subramaniam. (Botanical Series, Vol. X, No. 4.) Price, 
Rs. 1-8 or 2s. 6d. 

Bulletins. 

1. A Contribution to Our Knowledge of South Indian Coccidse, 

by T. V. Ramakrishna Ayyar, B.A., F.E.S., F.Z.S. (Bulletin 
No. 87.) Price, As. 14 or Is. 3d. 

2. Second Hundred Notes on Indian Insects. (Bulletin No. 89.) 

Price, R. 1-4 or 2s. 

3. A Malarial Parasite in the Hood of a Buffalo, by A. L. Sheather, 

B.Sc., M.R.C.V.S. (Bulletin No. 90.) Price, As. 6 or Id. 

Reports. 

1. Proceedings of the First Meeting of Agricultural Chemists and 

Bacteriologists held at Puss on 24th Februsiy, 1919, and the 
following days. Price, R. 1 or Is. 6d. 

2. Scientific Reports of the Agricultural Research Institute, Pusa 

(including the Report of the Imperial Cotton Specialist), 
for the year 1018-19. Price, R. 1-4 or 2s. 

3. Annual Report of the Imperial Bacteriological Laboratory, 

Muktesar,for the year ending the 31st March, 1919. Price 
As. 4 or dd. 

Miscellaneous. 

1. Guide to Agri<^tural Section, Pusa. 



POBLIGATIONS OF THE IMFERllL DEPART¬ 
MENT' OF AGRIGPLTURE IN INDIA 


TO Bl HAD raOH 

Tbh OwnoB or tbh Aohiuolxukai. Aovisia to thb aovaKNMKMT or Ivoii, Pdsa, Bibab, 

and from th» /ollouing Aginti :~ 

(1) THACKER, SPINK A CO.. Cauidtta, (7) THACKER A CO., LTD., Bombay. 

(2) Vr. NBV7MAN A CO., Caicdita. (8) SUNDER PANDURANO, Bombay. 

(3) Rai M. C. SARKAR BAHADUR A (9) Rai Sahib M. GULAB SINGH A 

SONS, CAtcotTA. SONS, Lahokx. 

(4) HIGGINBOTHAMS, LTD., Madras. (10) MANAGER, EDUCATIONAL BOOK 

(5) THOMPSON A CO.. Madras. DEPOT, Haopdr. 

(0) D. B. TARAPORBVALA, SONS A 

CO.. Bombay. 


A complete list of the publications oi the Imperial Department of 
Agriculture in India can be obtained on application IPom the 
Agricultural Adviser to the Qovemment of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 

TboM publicRtioDR are 

1. The AgritfuUural Journal o} India. A Jotimsl dealing with Riihjeote connected with 
airrioiiltural ecoimmioR. held and Barden crops, economic pianti and friiita. toils, manuret, 
methods of cultivation, irritration, climatic conditions, insect pests, funRiis diseases, 
co-operative credit, aBriciiltiiral cattle, farm implements, and_other aericultural matters 
in India. Illustrations, incindini; coloured plates, form a prominent feature of the JoiimaL 
It is edited by the Apripultural Adviser to the Government of India, and is issued once 
every two months or six times a year. Annual Subreription, Rs. 6 or 9t. dd., inoludins 
posteBs. SinBle c»py, H. 1-8 or 2«. 

2. Scientific Reports of the ABrioiilturai Research Institute, Pusa (InoludiuB the Report of 
the Imperial Cotton Specialist). 

3. Annual Report on the ProBress of Agriculture in India. 

4. ProceedinBB of the Board of ABriculture in India. 

6. Prooeedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series. 

(b) Chemical Series. 

(o) B(itomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Ssries. 

7. Bnlletins issued by the Agriooltural Researoh Institute, Pusa. 

8. Hooks. 

The following are tiie pobiioations of the last two years ]» 


Bekntiflo Reports of the Agrioultural Researoh Inatiitute and OoUeoe, Pusa (inelndins the 
Be^rt of^ Imperial Cotton Spaotallst), for the year In7-1K Priooi R. 14 or 89. 



AdlHCULTURAL PUBUOATlONf.-(00i^.) 


MMttleBmM>too(tlMAcHenltamtfteMweh iMtitirte. Warn (Indndlni tht Bepoit at Hm 
lapartalOottonSpa^iMkfortlMjKM’UU-U. Frio*. IL 14 or St. 


B^ort on tin P tog rf of Jkcrioaltiiro in Indio tm fho fmr 1918-17. Prieo, At. 12 or St. 1A 
BtportonthoPraK^iltn|A«rionltBriinIndinforat]nnr 1917-18. Prlot. B. 1-8 or St. SA 


P tpaoodio Kt of tbo Boord of Atrfanltaro in Indio. Md ot Poom on Ao lOtk Oooombor, 1917, oad 
folkrrag dtji (with Appondiott). Prioo. At. 18 or It. Sd. 


Praeredintt of tin floooDd MootioK of Myoologienl Worhort In Indin. hold nt Potn ob tin 
SOth Pobronrp. 1918, nnd following dnyt. Prioo, At. 11 or 1*. 

Ptoetodingo of the Plrtt Mooting of Agriooltarnl Cbomiato nnd Baetoriologlttt. hrid nt Pun 
•on Sfth Vobmnty, 1919, nnd tin following dnpt. PriM, K. 1 or It. td. 

Praeomlinn nt tin Pint Mooting nt Vrtorlntry Ofioon in Indin. btid nt Lnhmw on tin 
SIth Mutdi, 1819L nnd foilowi^ dnyt (with Appendiou). Prioo, At. 8 or 8A 


imOIBS OP THE DEPABTMSMT OF AOBICULTUBE IM IHDIA 


BOTANICAL SERIES 

VoL tX, Ho. IV. Stndiu in Indfam Sagnrennoi. No. A Tbo OlntaUIcntion nt Indinn flnnu 
with tpoeinl roforonoe to tbo Snrotbn nnd Bunnnbtlo Oroupo, by 0. A. 
BtHOm, 00 . 0 . Prieo, Rt. 2-4 or St. 

Vbl. IX, He. V. PAgfopAMora Sftadff n. tp. on fftoto bniriUtntft, by W. MoBtl. H.A., 
■.oe., r.un. Prieo, R. 14 or 2t. 

Vol. X, Ho. I. Tbo Bieo Worn (TyUnehtu nnpusitu) nnd itt Control, by B. J. Bonan, 
M.B., P.L.S. Prioo. K. 1-4 or St. 

Vd. X, Ho. n. Stodlu in Indian flogorctnu, Ko. 4. Tiilorii^ or Undnrgronnd Brnneb- 
ing. by 0- A. Bakobb, ac.D., Prieo. Ka. 44 or 7t. 

Vd. X, Ho. HI. Btndiu in Indinn gagnimim. Ho. 5. On totting tho roitabllity of tognr- 
enno wriotiot f<ir difforont loeniitioa, by n lyttom of monenromontt. 
Poriodieity in tin growth of tbo tagnrcnne, ^ 0. A. Bamke, O-LB., 
00 . 0 ., P.Ln. Prioo. K. MS or St. 

Vol. X, He. IV. A Pyfbiom Diatnto of Ginger, Tobneoo nnd Pbpnyn, by L. 8- Bubrnan- 
nlani. Prieo, R. 1-8 or 2t. 8A 

VM. X, Ha V. BtadiwintboPonimtionef IndinnOroM 1. by A. Rowabd, Qabbuub 
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SOME COMMON INDIAN BIRDS. 


No. -J. TIIK HLUK-TAILEl) P.KK-KATKK (MEJiOPH PHJLIPPjyUS). 


BY 

T. BAINBKTnfiE FLETCITER, R.N., F.L.S., F.E.S,, F.Z.ft., 

Imperial Entomologist; 

AND 

C. M, INGLIS, M.B.O.IT. 

Our last jwip'r’ dealt with a useful hircl—useful, that is, 
S(» far as agj'ieult.ure is eoncerued—hut the same adjective caimot 
be. applied to the Bliie-tailod Bee-eater, as it is on the whole an 
injurious species by i»re\'ing oji beneficial insects. 

In apjiearan.ee and liabits it is much like its commoner and 
smaller, but equal!}' noxious, relative, the Common Indian Bee- 
eater {Meroj)s virl(lis). fix>ni which it is distinguishable by its chest¬ 
nut throat, (green, or bluish-green in j\L viridity). It is shortly 
described by Dewar {Indian Bird^^i. p. 161 ) as “general hue green, 
shot with bionze ; the tail is bluish. TJiere is a broad, black streak 
nmning through the eye. The chin, is dirty cream colour. The 
throat is chestnut-red. The eye is briglit red.” 

The Blue-tailed Bee-eater occurs commonly throughout the 
Plains of India but is jmrtially nugratory, ^'isiting Northern India 
in the summer and Southern Lidia in. the wiitter. In Bihar they 
are seen from March to October and in the Duara have only been 
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noticed during June and July.. Mr. Stuart. Baker only once came 
acru-gs it in. Nortlt (’achar. Usually it is seoj'. in .siivill numbers or 
singly in on.e j)lace but occasiotUiilly it congregates in laige numl»ers. 
A.S a rule it is commone.st in, wll-wooihsl (li.striet.s. It is fond of 
pcjrching on a p>st or telegraph n'ire or other suitable situation 
whence it .swoops down on its jmy which is nsuallyeajrt.iired on 
the wing, the binl themifter mturning to it.s ]»ereh. The flight 
is swift and gme('ful and the note a mellow whistle CAmlinually 
uttered wliile on the wing. During eveuitigs, (‘.specially after 
rain, numhers may 1 h‘ .s('en hawking about on tJu* wing for a long 
period without, settling. 

This Bt‘e-(“ater is ooiumon at Piisa and the late ('. W. Mason 
cxamiiwd the stonuiehsof thii1(‘on. birds h('fw»’('n, Ajail ai d OctolnT, 
He .st:at(‘s^ that, of Httiiwects taken. 70 weu'henefieial, .'{ injurious 
and 10 n.eutral. Tlie hei'.efieial insects t;ik<‘n. ii.eln<ied dragonflies, 
honey an.d other Ih‘*“S, and was]>.s, .and in th(‘ n«‘ighl>onrhood of at! 
apiar}' these birds rtiiiy Im‘ a decided j»e.s( by ,si':ijtpit g ii]» the 1m‘(‘.s. 

Breeding occurs, usually in large eolonies. stone tinit'1 m‘ 1 weeii 
March and Jurte, it! a htdt* which t!i;i}' be tinir tt» seven feet Itn g with a 
diameter of two to two and-a-lialf inehi's anil wl.ieh is e.veavated 
in a liank. usually a river bank though i of jiiuays .so. t he egg-elia iuImt 
beit'g about bilf a foot in diaiii(>ier and, what is ui ii.sual with Im’c- 
eaters, it is sometinie.s lined with gra.s.s or hat Iters. Four or live 
and rarely s(.*ven glo.s.sy, white, almost gltdtular. eggs are laitl. Our 
Plate .Hho^v's tlie (.‘iitriince of n nest. 

Besides the pre.sont .s|)ecie.s there are si.x (tthers found in India 
and Burma, viz., tlic Common Intiiun liee-ciiter (J/eropv viridio), 
a smallish greeti bird witli a golden hu<‘ on the erown of the lu’ud 
and the iLsiial black band urdt'r the eyt*. This is the commone.st 
of all the Bi‘e-eaters and a.s a nile rt'sident wliert'Ver it occur-s. 
We shall jirobably return to it in a later jxijKr. The Blue-cheeked 
Bce-oater (Mmrps jx^rsiaus) is very likt* the Blue-tailed bird but has 
the upper surface of the tail green instead of blue. Tlus is a mi¬ 
grant from Airica and West and CVntral Asia to the North-West of 


‘ Mmoirs, Dept. AgrknSure, India, Ent. Serita, Vol. Ill, p. 166. 
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India, bu'fling there. Tlie European Bee-eater {Mcrop uf'mler), 
a anjaller species with a yellow instead of a cllestiuit tlu'oat, is 
also a migrant from Atricii, visiting Kashmir and the Punjab during 
May and June. Tim Chestnut-headed 13ee-eater {Melittophagiis 
swinJioei) has a .shoit tail arid is chestnut above: this sp(?cie8 is 
mostly confined to ff»rcsts. '"he B1u(>-I)('ard('d Bee-eater {Nyctiomis 
(dliMoni) a?'d the Red-beaided Bee-eater {N. amiolus) arc stout 
biids for Bwocaters, and have,as can be seen by the names, blue and 
red plumes down Ihe breast; they am gir'cj'. alarve; tliese birds 
are not so graceful in tlu'ir m(tv<-men(s as the other Bee-t'aters. 
Blanford says the nidification. of the latter l)ird is uidmown but 
since then the eggs liave Ih'cu taken in. Perak in February; they 
ap])ear to be sniiiller tha?> iJiose of the Bhie-lx'arded species. 



Investigations concerning the production 

OF INDIAN OPIUM FOR MEDICAL 

prnposES. 

IIY 

K M. LEAKE, M.A . E.L.S.. 

htn'CUtr of AiiriruUuir. Prorl)irrs : 

AMJ 

H. E. ANKETT, liS , E(\S., 

AgriojUnral Ckvm>itl to Go)rn>m-iit of Bt /'ijul, on sjHrui} ilolt/ w ///>' 

I’nih'il Provutcen. 

From time to time rofereuees Juive l>eeii received from tli(‘ 
Opium Department with referci'ce to the sup])osed iecreiise durii)g 
recei't years in tlie seventy <tf fungoid attack on tlie ])oppy j)lan.t. 
The attack leads to dimiuislied yield aj)d. conse(iinM)t)y. to a dimi¬ 
nished willingness on the j>art of the cultivator to grow that croj). 
It was, therefore, decided to tak(' u]) the serious .study (»f the po]*?}’ 
plant at Cawnj>ore. From the mycological asjx'ct the <lisea.se had 
received much attenti(»u at tlie hands of the theological Section 
at PusaL There remained, JioAvever, tin; stud\‘ of the j)o]>l)y ]>hiut 
itself. Since a brief investigation of the jdan.t, earth'd out b}' the 
Howards and xVbdur Ihihman’-^ in. 1010, the crop liad received no 
attetttioii from the botanical asjtect 

The (‘xisteuce of races resistant to fungoid disetise is a well- 
ki own phenomenon tuid the isolation and multiplituition of such 
races lias formed a marked feature of tlte work of many of the 
American agricultural statiojis. BifTeu’s work on wheat is an 

‘ Kf/wl of thr Agrk. Kt<t. hint., I’mo, I'.tlS-U, l!tl4-|.') and Mtlil-lfi. 

* Mi'.wnfn oj th [Jfpl. Agrif. in India, Hoi. Hniti, Vol. Ill, No. 0, p. 32|. 
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example this class ol Avork eairied a stage further. Biileu has 
aucceoded in (rond.itdii.g the disease-resistant charaijter of one wheat 
with economic ehameters, such as strong straw and ‘strength,’ 
exhibited by otlui classes of wheat, into one individual from wliich, 
by multiplication, a seed su])ply sufficient to sow extended areg.s 
has been juoduced. It se<oued more than probable that a similar 
study of the |Joj)py plant Avould, in like manner, lead to tlie dis¬ 
covery and isolation of diseaxtvresistant races from tJie popjy 
cro]>. 

It is a recognized fact tlict fi<*ld ero])S, as grown by the cultivator, 
are, with the rarest excej)tioiis, mixtures, ft is almost invariably 
])ossible to isolate from a single held a huge uuiul)er of types differing 
from each other both in structure, in halut and in quality of the 
])Uoduee. There appeared no a juiori reason wjiv this should not 
equally be the case witji the I'Ojqy cro]), and a preliminary examin¬ 
ation of th(' cultivators’ fh'lds only strengtii.en.ed the con.viction. 
In its initial stages, the'-efore. the in.vestigatiou was confin.ed to the 
isohitioi' of as nuu'C types as j)o.ssil)le from the crop as generally 
grown, with tiie ohjec.t of ol taining. from aiuoiig these, certain types 
that showed a naturaJ re ustai'ce t(» the disease responsible for such 
wide.sj tread loss. 

In the year the ii'vestigatioi'.s received a dilTerent orienta- 

thtn. In j)re-war days tjie opium jtroducod in the Balkans and Asia 
Minor, which normally con.tains 12 to J t j)er cent, of moiqdiine, 
practically held tin' moj'ojtoly of the nn'dical opium market. When 
Turkey and Bulgaria ('utered the war against us, supplies of medical 
opium failed, ii failure which synchronized with the time when 
the demands of oursc'lve-i aval our allies were greater than ever. 
Indian opium in. the jtast has heen. tlistin.guished In' its low morphine 
content, which ha.s Ix'cn stat(d to be about S per cent. ; and. mainly 
for this reason, it was not emj)lo}'ed for medical purposes in pre-war 
days. The problem, therefore, of raising the morphine content of 
Indian opium, which liad been put forward at in.tervals since the 
early nineties, became acute. 'J''here was, moreover, the additional 
incentive that the ti-ade might be retained permanently after the 
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In the mannfactnr© of opium alkaloids British firms have been 
able easily to defy competition. At least 90 per cent, of the opium 
sold for medical purposes is used for the manufacture of alkaloids, 
and the remainder for druggists’ requirements in powders, tinctures 
and such like. For the former purpose, the manufacturers naturally 
jiesire opium of high alkaloidal content. For the latter, there is 
little market for opium containing less than 9| per cent, morphine 
in the dry opium, since the British Pharmacopoeia lays down that 
opium used for pharmaceutical purposes must contain between 
9j and 10| per cent, of morphine. Opium of higher morphine 
content than 10| per cent, may be reduced to the required standard 
with opium containing less than 9| per cent, of morphine. The 
scope of the investigations was, therefore, extended with the object 
of removing the disabilities ruider which the Indian produce laboured 
as a source of opium for medical purposes and the present article 
summarizes the ju-ogress of this aspect of the work. 

Botanical. 

The general lines along which the botanical ijivestigations 
have been developed have been already stated. As conceived, 
it consisted in the isolation of pure races with a view to the intro¬ 
duction of disease-resistant cultures. ,Subsequently sidection was 
extended to the development of races yiehling opium of high mor¬ 
phine content. Further, sight was not lust of the possibility of 
developing work along the lines so successfully employed by Biffen 
in tlie case of wheat. 

For the purposes of tliis investigation large numbers of samples 
of seed of the popi)y were procured and soAvn in 1914, while cultures 
have been made of further samples of seed received yearly. The 
bulk of these samples were obtained from the j)oppy-growing tracts 
of the United Provinces but work was not restricted to these. Seed 
has-been procured from such diverse localities as Malwa—the second 
largest poppy-growing tract of India—the hill districts round 
Jaunsar, Persia, Egypt, England —the true opium poppy of the 
Balkans and Asia Minor kindly 8upi>lied by Mr. L. Sutton—^and 
Japan. 
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The pollen of the poppy is light and dry and may be carried 
long distanoas by wind. The flower is, moreover,, open and freely 
visited by bees: Cross-fertilization is, therefore, of frequent occur¬ 
rence ; as many ar 2.5 per cent, of the offspring of a pure type have, 
in some cases, been identified as crosses. To guard against suc^ 
contamination of the pure lines protection has to be rigidly carried 
out in all work on the crop. With suitable precautions, however, 
the isolation and maintenance of pure races is not a matter that 
presents any great difficulty. 

From the preliminary soAvings of the seed so procured a series 
of single plant cultures were raised which included all the forms re¬ 
cognizably distinct and gave a very fair indication of the differences 
to be found in the })opj>y as growji by the cultivator. The pre¬ 
liminary cultures at once indicated the correctness of the supposition 
as to the mi.wd natur*' of the croj). They imlicated yet another 
point frequently met with wfiien the vernacular names of races 
arc considered ; namely^ that the name applied to one race in one 
tract is ap])lied to aiu tlier race in anot her tract. To such an extent 
is this the csi.se with th ' JJoj.py that different officers of the Opium 
Department, iutimat<* as is their knowledge of the plant, Iiave 
frequently, when visitii'g the c-xperiiuental fields at Cawnpore, 
applied different names to the same cuiture. This is no slight on 
the officers of that de])artment ; tin; divt'rsity of name is due to the 
diversity of the districts in which those officers serve. It empha.sizes, 
however, the unreliability of vernacular Jiames as a guide to accurate 
work and of the use of such names as a basis for accurate con¬ 
clusion. 

These cultures further indicated, wJiat is also commonly found 
in such cases, that, while purity is rarely, if ever, found in the 
field, a fair degree of purity is of conunon occurrence. Stated 
in another way, a culture freciueutly shows a dominant type to 
which the name used by the cultivator may be presumably 
applied. A few examples taken from a large number of 
analyses of preliminary sowings will indicate the degree of relia¬ 
bility that can be placed on the interpretation of vernacular 
names. 
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PercetUcufe of diffemU types found in different cultures of the poppy 
, plant. 



Variety name 
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20 
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H 
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10 

■20 
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70 


In the above table tlie tyj)**.s ar»* referred to by numlK'rs for 
the sake of simplicity but type 6 is the typical Kutela ]>lant. The 
eighth sample, therefore, contains no Kntela plants at all though 
the seed beai-s that name. A com])arison between, samples 1 and 9 
illustrates a further point. The.se samples bear dilTcjent names 
yet the two are oompo.sed of praetioally identical mixtnre.s. 

From the si)igle ])lant cultures so laised with tncry ])recaution 
against accidental cross-fertilization it has Ixam possible to select 
out a large number wliich .sliowed e\ ery indicat ion of purity. 'Fhese 
culture.s, in their turn, have formed, on the one hand, the ba.sis of 
the chemical work and liave provided, on the otlier, an indication 
as to the degree of susceptibility of the different type.s to disease. 
Differences occur in .such morpliological characters as leaf shape ; 
colour of stem, gi’een or blackening oii ripejiiiig ('Kali Ikinii ); 
height of stem; .shape and colour of jadal; .shape and surface of 
the capsule, waxy or shining (Telia) ami colour of seed ; while, 
in addition to tlie questkm of clisea.se, marked differences in tJie time 
of maturation and in susceptibility to insolation occur among the 
physiological differences. Chemical analysis of the opium derived 
from these pure cidtures has indicated that the racial diversity 
in niorphine content is large. Races have t)ce)v isolated which have 
as high a morphine content as 20 j>er cent, w'hile, at the other 
extreme, are races yielding only 6 per cent, morphine in their 
opium. 
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A large proportion of the races yield opium containing more 
morphine than that required by the British Pharmacopoeia standard 
for medical opium. Selection for vigour and disease-resistance in 
combination vvitli a high morpliine content has not, therefore, been a 
matter of extreme difficulty. It has, in fact, been possible to isolate 
suitable races directly and without recourse to synthesis of a plant 
by the union of cliHiacters previously not found in combination. 
The elimination of this necessity has simplified the problem from 
the breeder’s point of view though the scientific interest attached 
to the successful uiuon of such intangible characters remains. 

('hemical. 

’I'he desiiabilitv of determining the extent to which the capacity 
to produce an o])ium having a high morphine content could be 
con side reil a ])lant character was early evident and the earliest 
chemh-'al woik was devoted, therefore, to the examination of the 
o])ium deri\’e<l i'roiu tlie 500 odd ]nire races of which the opium 
had l)«‘en extracted. The analytical work involved in this work 
was, I'.atinaily. coi'siderable ; but the results shewed that there was* 
a considerable variation in morphine content of the opium of the 
dilTerent races. Ileckon.ed on. the diy opium, the morphine content 
varietl from <>•." to 20'5 jier cent. \ n.umber of these pure races 
have been grown in three .successive seasons in order to see whether 
there is a)>y seasonal variation involved. The results of the work 
are, in. this resjM'ct. incomplete but, in many cases certainly, a race 
))ro<lucing opium of high morphin.e content has maintained this 
ciiaracter. On. the other hand, it must be admitted that there are 
many cases in which o])ium produced from the same pure race 
varies consideralily in. it.s morphine content in successive years. It 
must be remembered that purity in this case has been determined on 
morphological, ai'd certain ^obvious physiological, characters only. 
That certain of the races, ajijiaren.tly pure when judged by these 
standards, should prove to lie impure with respect to less obvious 
characters need not be a matter for surprise ; and the results so far 
obtained would appear to point to the probability that the production 
of opium with high or low morphine content is a race character. 
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Fortunately the fiist aeaaon’s work supplied the ezplaitai^n 
of the reason why. Indian opium was generally found to possess a 
low morphine content. But before dealing wth this it will be 
conyenient to indicate the manner in which opium is obtained 
from the poppy capsule. About 12 to 18 days after the fall of the 
petals, the capsule is ready for lancing. The cultivator recognizes 
the correct stage of ripeness mainly by touch. He tises a knife 
built up of three or four parallel blades, with sharp poiiits set alx)ut 
1/16 in.ch apart. This knife is drawn carefully and vertically over 
the surface of the capsule while care is taken, that the points do not 
incise too deeply. The incision, is made in the early afternoon 
and early the next morning, after the dew has evaporated, the 
coagulated latex is collected and stored in eartlienvvare vessels. 
The capsule is lanced again at successive intervals of three days 
as long as it will yield latex. At times each cap.Hule will receive 
as many as eiglit successive lai'.cing.s in this manner. I’he prmluce 
of all these lancings has, in the ])ast, been mixed t,ogetlu*r by the 
cultivator before the opium is made over to the o})ium otlicer. 

The produce of each successive lancing lias l>een e.xamin.ed 
separately for morphine conten.t. The results of tliis exiiiuination 
proved to be of considerable interest in tliat tliey afTmded an 
explanation of the generally low morjihine coi'tent attribut<'d to 
Indian opium. The morphine content of the o])ium Wiis found 
to diminish rapidly at each successive lancing. The ajiijcnded 
figures are typical of the many liundretls of deterniiuation.H maile. 

Morphine per cent, in the opium from su.cce.isive lancings of the 

same capsules. 
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The fall in the moriihine conttmt of the opium of each successive 
lancing is striking. Samples of opium from the fifth lancing which 
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yielded no morphine by the ordinary methods of analysis have been 
met with. 

In Asia Minor and the Balkans each capsule receives only 
one laiviijig and herein lies the simple solution of the problem .why 
the produce of this area is so much higher in morphine content than 
that of Indian opium in the past. 

Another votj important factor which must be taken into 
consideration in any work on opium has also been elucidated. It 
is that the number ni. capsules borne on a plant influences the 
morphine content of the opium produced, 'fhus the opium of the 
first capsule to appear—^the terminal capsule—is much richer in mor¬ 
phine than that from the capsules subsequently formed—the lateral 
capsules—on the same i)lant. The following figures, selected at 
random, from numerous similar sets illustrate this point. 


Morphine content of opium of each successive lancing. 
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This lino of work obviously indicates that, in order to procure 
opium of the highest morpkii'.e content, it is desirable to develop 
a race which produces only one capsule per plant. Recognition 
of this factor is also of much importance in any work on the poppy 
latex and allowance has been made for it in later work. 

The effect of climate on tlie morphine content of opium has 
also been investigated. Opium of high morj>hii!.e content has been 
protluced in all countries, c.g., Sweden, Germany, France, the 
United States of America, Africa, Egypt, Turkey and Japan. 
Hence it hardly seemed likely that climate was a ruling factor. 
In these experiments the same pure race has been grown at various 
places in the plains and at various altitudes in the hills. These 
experiments have been continued for three seasons. Stated briefly, 
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the various conditions under which the plant has l>een grown have 
exerted no marked, effect on the morphine content of the resulting 
opium. Sudden changes in weather conditions, however, affect 
the yield of latex. For instance, east winds and cloudy weather 
diminish the yield of latex but do not influence its morphine content. 
A similar effect has been observed by one of the writers (H. E. Aimett) 
in the flow of palm juice. 

The effect of various manures has been carefully studied. Of 
the variou.s mineral manures used at Cawnpore only nitrogenous 
manures appear to have an appreciable effect. Nitrate of soda 
increases the yield of latex considerably, in fact almo.st doubles it; 
but the percentage of morphine in the latex is not altered to a 
significant amount. The effect of Jiitrate is to inciease the size 
of the capsules and not to increase their number. 

It is not possible to enter in detail into the numerous other 
observations which liave been made. The influence of the age of 
the capsule at the time of lancing has been studied and it has been 
found that very young capsules, say 5 or (5 days old. j)rodnce opium 
of low morphine content; but, after this age, the moii)hin.e ctmtent 
of the latex is more or less constant, however old the cajjsulcs may be. 
Moreover, the morphine content of tlie latex diminishes in the later 
runnin.gs from the same cut surface. The effect of different metlnxls 
of lancing has also Ijeen studied in detail and has led to interesting 
information relating to latex flow. 

In this account attention has .so far been directeil only to the 
question of morphine. But accompanying morphine, in opium, 
are many other alkaloids, chief among which are codeine and nar¬ 
cotine. As the result of new methods of estimation which have been 
devised in the course of this work, it has been possible to study 
the behaviour of these also. They do not behave at all in the 
same way as does morphine. Thus the percentage of codeine 
appears to remain constant in the oi)ium from each successive 
lancing of the same capsule. In this connection an interesting 
problem, which is now forming the subject of investigation, arises 
as to why Indian opium is so rich in codeine. It contains 2 to 4 
per cent, of this alkaloid whereas Turkish opium contains only 
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small quantities. The high codeine content of Indian opium 
brings it much into favour with alkaloid manufacturers since 
codeine is more valuable tlian morphine. 

The whole work has thrown much light on the function of 
kalaloids in j>lant life. The animal takes in complex foods ^nd 
excretes much of its nitrogen in a simple form as urea. I'he plant, 
on the other hajid, live.s on simple substance.s and builds up complex 
compounds. It is not surprising, therefore, that its waste nitro¬ 
genous substances ore complex in structure ; and these investiga¬ 
tions point to the fact that the alkaloids represent the useless end 
products of metabolism. In this connection it may be pointed 
out that the caoutchouc content of rubber latex appears to show 
phenomena similar to those exhibited by the nrorphine content 
of poppy latex. Thus, in successive incisions made in the same 
plant for rubber, the caoutchouc coirtent appears to diminish 
in the same manner as the morphine diminished in successive 
lanciirgs from the same capsule. 

Conclusion. 

For some years past work bearing on this subject has been 
carried out l)y the Imperial Institute and the latest account appears 
in the Bulletin of that Institute for Januaiy-March, 1919. The 
work which is there described is open to criticism on several points 
and the opportunity now offered of referring to it may be taken. 

The figures given earlier in this note with reference to the 
constitution of the field crop indicate the danger of placing any 
reliance on vernacular names for the identification of a race. In 
the case of the poppy this is, as has been said, particularly true. 
In two cases only, the Kali Danti (black-stemmed) and the Baunia 
(dwarf) are the names applied with any certainty, while the name 
Katela is used indifferently for at least two entirely distinct types. 
It raxist not he forgotten, further, that the cultivator will apply 
a name to his crop, however complete the mixture of types he is 
growing may be. The pure cultures which have been subjected 
to chemical test and which include every recognizable type of plant, 
indicate the existence of little or no correlation between the type, 
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sense and « 

1^ the morphinet content. * 0 cor 

ose cd vemaonlar names said paitiMaii%'tibs* 

erticfe under reference " that the varieties 4*^ 

are. well worth consideration for cultivatitn^|wu^)0^’^ w^ «r]^eat, 

therefore, to iwt on singularly insecure Ipui^ationS. , 

It may, further, be noted inforination is giv^ with 

regard to the origin of the samples in respect to the lan<^ from 
which they were derived. In view of the abs^oe of this record, 
it must be assumed that this point was not considered and that 
the history of the samples in this matter was not recorded. It is 
far from likely that, unless especial precautions were taken, these 
would all contain yields from the sjvme number of laucings since 
frequently the capsules dry up after a second lancing in (uic district, 
whereas, in a neighbouring district, they may yield os many as five 
successive lancings. The variations recorded iu the course of that 
paper are now known to be fully within the range given by diflereut 
lancings of the same plant and may lie as reiulily ascrilied to this 
cause as to racial, or soil, differences. The problem under con¬ 
sideration is, in fact, typically one which can be studied only on 
the spot. 






THE ELEVENTH MEETING OF THE BOAUI) Of 
AGRICULTURE IN INDIA. 


BY 

F. J. F. SHAW, D.Sc., A.R.C.S., F.LS., 

Second Imperial Mycologist. 

The eleventh meeting of the Board of Agriculture was held at 
Pusa from 1st <^o 6th December, 1919, under the presidency of Mr. 
James Slackenna, Agricultural Adviser to the Government of India.- 
There wtis an exceptionally large attendance of members and visitors, 
the latter including, besides the Ifoirble Sir Claude Hill and the 
Hon’ble Mr. R. A. Mant, Mr. Lewton-Brain, Director of Agriculture, 
Federated Malay States, and the members of the Indian Sugar 
Committee. 

The fu’st day’s proceedings opened with a speech from Mr. 
Mackenna, in which he made a survey of the more important events 
affecting the Department of Agriculture during the past two years. 
Since the last Board, sectional meetings of workers in chemistry, 
mycology and entomology had been held and had been an unqualified 
success. Provincial Boards of Agriculture, to meet annually, had 
been formed in some provinces and it was hoped that, by solving 
questions of purely local importance, they would materially lighten 
the labours of the full Board. In conclusion, the President dwelt 
on the approaching changes in the fersmml of the Department of 
Revenue and Agriculture. In Sir Claude Hill the department was 
losing a head who had ever identified himself absolutety with 
the interests of the Service, and in Mr. Mant they had always had a 
Bynxpathetio and helpful Secretary. 

( 186 ) 
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On the conclusion of the President's speech, committees were 
appointed to deaj with the various subjects. It is not possible 
within the limits of a brief article to do adequate justice to the 
interesting debates and the important resolutions resulting from 
these discussions. This information will l)e .found in detail in the 
published proceedings of the Board. 

The first two subjects were considered together at a full meeting 
of the Board and dealt with the danger of the depletion of the 
nitrogen content in Indian soils by the introduction of high- 
yielding varieties of crops and intensive cultivation, and the resulting 
importance of investigations into the conditions of nitrogen fixation 
in Indian soils. Mr. Hutchinson, who oi)ened the discussion, 
compared the depletion of tlie nitrogeii reserves in Indian .soils to the 
exhaustion of European coal-fields. In Bihar tlie cultivator deli¬ 
berately avoided securing a higher yield by intensive cultivation 
and aimed at a low average yield which would not deplete the ferti¬ 
lity of the soil. The level of this fertility was determined, partly 
at any rate, by the natural rate of nitrogen fixation, and he would 
urge upon the Board the desirability of passing a resolution on the 
necessity of research upon nitrogen fi.xation in Indian soils. Mr. 
Burt, while in sympathy rvith the suggestion for lesearch on nitrogen 
fixation, thought that tliere was little evidejtce of soil exhaustion 
in the districts with which be was familiar, ft was of great impor¬ 
tance that improved cultivation and manure should accompany 
the introduction of improved \'arictic8. The Board finally passed 
a resolution stating that the time Jiad now come when every pro¬ 
vince should liave its owt Agricultural Bacteriologist and that the 
staff of the Imperial Agricultural Bacteriologist should be 
strengthened. 

The Board then considered the report of the committee on 
subject (iii), dealing with the export of cattle abroad. The com¬ 
mittee stated that they did not consider that any deterioration, 
to a marked degree, was taking place in Indian cattle or that any 
such deterioration could be due to export abroad, as this was a 
negligible feature of the total export. The report was accepted by 
the Board. 
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The debate (ni subject (iv), dealing with agricultural forecasts 
and statistics, was of great interest. Mr. Noyce, in moving that the 
report of the-committee on this subject be adopted, said that while 
the figiues for crop areas in India were among the most accurate 
of their kind, the estimatei for normal yield and the conditicyn 
factor were naturally les“ easily made. Crop-cutting experiments 
should be used as n check and not as a basis for arriving at the 
norma! yield, lie ho]»ed that the time was not far distant when 
every province w'ould iiave its own statistical department. 

Dr. Gilbert Slater said that he had endeavoured during the 
sittings of the committee to get a clear idea of the duties which 
would be imposed on Directors of Agriculture by the adoption of 
the committee’s report. The first duty of each Director would be 
to secure the appointment in his oflice of a sjiecial assistant for 
statistical work. Each Director of Agriculture would become 
engaged in a deadly conflict with a gentleman whom he would call 
“ Mr. X”. “ ilr. X ’’ is the official who is hidden in the recesses 
of the Finance Department of the Secretariat of each Government 
in India, wlio shroffs all proposals of executive departments before 
they reach the Hon’ble Member, and who dcvoters his great industry 
and persistence to the task of invariably spoiling the ship to save 
a ha’porth of tar in the name of economy. He knew quite well 
what was in store for the Director of Agriculture when he endea¬ 
voured to act in accordance with the resolutions of the Board. He 
will ask for a statistical officer, “ Mr. X ” will at best be willing 
to concede a clerk on Rs. 25 per mensem. He will ask for a soil 
bacteriologist, " Mr. X ” will try to limit the salary to Rs. 15. For 
he regards himself as the faithful defender of the poor tax-payer 
from the wild onslaughts of Directors of Industries and Directors 
of Agriculture. The whole future of Indian agriculture de^)ended 
on the winning of victories by the Agricultural Departments over 
these elusive and anonymous opponents. Members might remember 
that in England the master stroke of Edwin Chadwick, in his great 
campaign for public health, was securmg in 1837 the complete 
registration of births and deaths. That was what supplied the 
lever by which the necessary financial provision was secured for one 

2 
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measure after another for combating death and disease. Sinularly, 
reliable agricultuial statistics would furnidli the fever for securing 
what is financially necessary for agricultural progress and prosperity 
for India. 

c Mr. Jacob then explained to the Board how aeroplanes had been 
used for taking photographs to form a crop survey in Lahore, and 
the Board passed a resolution that further invest^ations in the 
application of aeroplane photography to crop surveys should be 
carried out. 

Mr. Wood said that he considered that the committee had over¬ 
emphasized the importance of crop-cutting experiments. Crop- 
cutting experiments to be of any use must be so numerous as practi¬ 
cally to prevent them being carried out by the staff available. He 
moved that the Board pass a resolution that crop-cutting experi¬ 
ments should be abandoned. This was not carried and the report of 
the committee, with slight amendments, was adopted by the Board. 

The next subject (v) before the Board was whether any special 
measures are necessary with regard to the introduction of motor 
ploughs and tractors. In reading the report of the committee on 
this subject, Mr. McSwiney urged the apjx)intment of a Government 
Tractor Engineer to safeguard the interests of the buyers, who 
might otherwise be sold unsuitable machinery by agents who have 
no knowledge of agriculture. On the motion of the President a 
resolution was carried to the effect that a section of Agricultural 
Engineering should be established at Pusa to' investigate the use of 
agricultural power machinery, with special reference to motor 
ploughs and tractors. The report of the committee was then 
accepted by the Board. 

From this the Board passed on to a consideration of what steps 
might be taken to encourage the manufacture of improved tillage 
implements (subject vi). Dr. Coleman, in moving the adoption of 
the report of the committee, said that research work on this subject 
was a function of the Agricultural Department, and urged that 
Agricultural Engineers should be recruited to the Indian Agricultural 
Service especially for this work. Other speakers suggested that 
the matter mi^t be left to the enterprise of private firms, Imt Ihe 
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sense *of the Board was finally expressed in a resolution stating 
that research work on the lines indicated in the tfeport of the com¬ 
mittee was a function of the Agricultural Department, and that 
Agricultursil Engineers should Ixj appointed to the Indian Agri¬ 
cultural Service for this purpose. The Board laid special emphasis 
on the fact that such engineers must l)e members of the Indian 
Agricultural Service and not attached to the Department of 
Industries. 

Sir Claude Hill then addressed the Board as he had to leave 
Pusa that day. He said that this was, to his great regret, the last 
occasion on which he would address the Board as Member for 
Revenue and Agriculture. The Board was to be congratulated on 
the work wliich had been, got through up to date. He was parti¬ 
cularly glad that the Board had passed the resolution on the estab¬ 
lishment of an Engineering Section at Pussr and luvd endorsed the 
desirability of extendii g bacteriological work. The Hon’ble Member 
then dealt with the difficulties which had attended agricultural 
])rogress during his years of office. 1’he incidence of war an.d famine 
had magnified the tas!:s of the Agricultural Department and handi¬ 
capped that development and progress which they all had at heart, 
f^till the pi-evimis five j^oars had I'ot been barren, and thanks to the 
loyal and able support which he had received from all ranks of the 
various departments of agriculture, much had l)een achieved. 
Agricultural education an.d the problems of cotton and sugar had 
all been the subject of special enquiries. With regard to the former 
a stimulus had Ijeen given which promised in the near future to 
revolutionize the older methods of agricultural education, while the 
success of the Cotton Committee, over which Mr. Mackenna had 
presided so ably, was evidenced by the appreciation of its report 
at the hands of the public and the Empire Cotton Growing 
Association. As they all knew, they were now confronted with 
far-reaching political changes, but he Iboked with confidence to the 
future and the part which the Indian Agricultural Service would 
play in it. 

The Board then proceeded to the discussion of subject (vii), 
whether the Agricultural Department should undertake the writing 
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of school readers and story books. Mr. Clouston moved tliat the 
report*of the committee should be accepted. He thought that in 
this way much might be done 'to make the aims and successes of the 
Agricultural Department more fully appreciated by the people. 
Dr. Kunjan Pillai and Mr. Dutt both supported Mr. f’louston, and 
urged that more attentioii be given to the production of j>opular 
bulletins. Dr. Coleman said that the subject of gettirg in touch 
with cultivators had been debated ad nauseam in the Board for 
years. It was not a testimony to the intelligence of the Board to 
ask them to accept this report and he moved its rejection. After 
some discussio)! the report of the committee was rejected by the 
Board but a resolution to the eifect that officers of the Agricultural 
Department, who felt cpialified to do so, might attemj^t literature 
of the type under discussion was accepted. 

The question of allowing village pauchajjets to raise local rates 
with a view to maintaining roads, drainage and irrigation woiks 
(subject viii) was then considered. ]\Ir. Dutt, I.t'.S., in moving the 
adoption of the rej)ort of the committee on this subject, e.\j)lained 
the advances which had beeji made ot? these lines in Westtuii Btuigal 
where the maintenance of irrigation tanks was of great, importance 
and could only be satisfactorily achieved by some system of local 
co-oijeration. The report of the committee was accej^ted by the 
Board which then passed on to a consideration of the juactical 
methods which miglit be adojjted for the conservation of natural 
sources of manure, such as bones and oil-cakes, for use in the 
country (subject ix). 

Mr. Wood read tlie report of the committee ami placed four 
resolutions before the Board. 'Ihis initiated one of tJie most 
interesting of the discussions of the meeting. The question of the 
advisability of placing an export tax oji oil-seeds and cakes showed 
a shibp division of economic thought among the speakers but 
was finally agreed ujKm. A large majority of speakers emphasized 
the fact that the export of bones and fish manures was a drain 
on the fertility of the country and the Board finally accepted a 
resolution that total prohibition of export was necessary. The 
committee’s proposal that a portion of the revenue derived from the 
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expoit tax should be earmarked for propaganda work on manures was 
wit hdrawn, as the Hon’blc Mr. Mant explained that the proceeds of 
Customs duties were an Im|ierial asset and. agricultural propaganda 
under the Keforra Scheme would be a charge on Provincial revenue ; 
obviously Imperial funds co>iJd not be earmarked for Provincial 
expenditiire. Tlie Board finally passed a resolution expressing 
the hope that Local Governmerts would consider the clainxs of 
their ^Agricultural Dejiartments to increased allotments for propa¬ 
ganda work. 

The Board then considered the report of the committee ap- 
])ointed to deal with the duties of the Agricultural Departments 
under famijie conditions and the manner in w'hich the Agricultural 
De])artmen.t should ])rej)are to face faiuii-e (subject x). The 
extremely able 7(‘])ort of this committee was very lengthy and its 
adoption was moved by Dr. Mann. The Boaid ac<^e])ted, with 
slight amciulments, all the |)roj)osals of the cmuniitteo with leference 
to well-boring, the suiveying of rivers and tlu' ei'cction of embank¬ 
ments to check ciosion. Other measures aj>prov('d by the Board 
were the tiansjxut of cattle by lail from famine tracts to better 
j)rovisioned distiicts, investigation.s into gi-ain storage on a large 
scale and the collectioii. of .statistical information with regard to the 
main food croj),s. In the discu.ssion on tliesc matters perhaps the 
most intere.stii'g fact which emerged was the opinion expressed by 
Dr. Slater that tlie success of i-ecent famine relief measures had 
resulted in smaller stotdvs of grain btung lield in the country. 
If gram w'as not in the country, money was useless. Had, as seemed 
possible at one time, the 1919 monsoon failed, this situation would 
have arisen and the jwoblem would have been an international 
one. The Board recommended the appointment of a strong Famine 
Commission to consider the problems which would arise by the 
failure of two successive monsoons. The fact that the duties of the 
Agricultural Departments under famine conditions had not been 
clearly defined was also the subject of a resolution. 

The report of the committee appointed to review the results 
of the permanent experimental plots at Pusa and to make proposals 
for this line of work in the futui’e (subject xi) then came before the 
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Boaid. In their report the committee drew attentioti to the facts 
that the multifarious duties of the Imperial Agriculturist, and the 
frequent changes of tenure in that office, had prevented that con¬ 
tinuity of supervision which was so easential in field experiments, 
and the committee therefore recommended the appointment of an 
Imperial Agronomist, who would supervise the experimental area, 
to the staff at Pusa. The recommendation of the committee was 
accepted by the Board. 

Lastly, the Board considered the improvement of cotton 
marketing in India with special reference to the Indian Cotton 
Committee’s Keport, paragraph 233 (subject xii). The Board had 
the advantage at this sitting of the presence of Messrs. Cocolas and 
Wait, representing the cotton trjwle. The committee on this 
subject recommended the establishment, w'ith eei tain modifications, 
of markets on the Berar system. The dangers attending co-oper¬ 
ative sale societies with a crop the price of which fluctuates as much 
as that of cotton were felt by the committee to be very great an.d the 
committee for tliis reason rejected recommendation (4), paragrajdi 
233, of the Indian Cotton Committ<*e’s Report. On tJie motion of 
Mr. Noyce, the Board recommended that the sectional meeting of 
cotton workers proposed by the committee should take place in 
Bombay in conjunction with the first tnc'eting of the proposed 
Central Cotton Committee. 

On the conclusion of the formal Imsiitess Indore the Board, 
Dr. Butler addressed the meeting anil exj)ressed the regret felt by 
all members of tlie Agricultural Departments that they woidd not 
again meet under the chairmanship of Mr. Mackenna. Dr. Mann sup¬ 
ported Dr. Butler and said that in Mr. Mackenna the Department of 
Agriculture had always possessed a chief who was in complete 
sympathy with the work and hopes of all its members. The agree¬ 
ment of the Board with the sentiments expressed by the last two 
speakers was indicated by the jnolonged cheers which greeted Mr. 
Mackenna when he rose to reply. 

Mr. Mackenna said that of all the speeches he had made at 
the Board of Agriculture this was for him the most difficult and 
trying. While he could not definitely say that he would be leaving 
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India for good, he thou^t it improbable that he would again 
preside at a meeting of the Board of Agriculture in India, and he 
felt very much leaving a department with which he had been con¬ 
nected for so long and in which he had made so many intimate 
personal friends. In point of fact, he would never have accepted 
the Agricultural AdvisersLip had it not been that he knew thatie 
was personally acceptable to the department and that every member 
of it Would give him every assistance he could to make the tenure of 
his appointment a success. He had received the most loyal support 
from every member of the department, and any success which had 
been achieved was due to them and not to him. As agricultural 
officers they had a great responsibility. The future of India lay 
in the development of its agriculture and of its industries, and if 
these prospered, we would have a happy and contented people. 
The future of the agriculture of India lay in the hands of those 
whom he was now addressing, and in wishing them an official good-bye 
he felt that he was leaving that future in safe hands. He wished 
them all every success in their careers and would only add that he 
bade them an official farewell with the deepest personal regret. 

This terminated the eleventh meeting of the Board of Agri¬ 
culture, which, it may confidently be said, will rank as one of the 
most successful, both from the point of view of work and social 
recreation, ever held in Pusa. All those members and visitors 
who were new to the Agricultural Research Institute and Farm took 
advantage of tiieir visit to inspct the resources and equipment of 
the laboratories and estate, and the opinion was generally expressed 
that it would be an advantage if, at future meetings at Pusa, more 
time could be made available for this purpose. 
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HOME IMPRESSIONS OF THE TRACTOR TOIALS HELD AT 
LINCOLN IN SEPTEMBER 1919. 

BY 

T. F. MAIN. B.Sc., 

Deputy Director of Ayriculture, SiiuJ. 

During the last week of September 1919. a gieat event in 
the liistor}- of agriculture took place at Lincoln. Tlii.s wa.s the 
tractor trials organized by the Society of M(»tor Manufacturers 
and Traders with the aid of the National Farmeis' I’nion. To find 
a parallel in its significance t(» British agriculture one must go 
back, in the opin.ion of the writer, to the sub.stitntioi\ of horst‘s 
for oxen or iron for W(M>d. There .seems little doubt, tliat the internal 
combrnstiou engine will, sooner or later, take tlie f<»remo.st place, 
as a prime mover, in agricultural work both on the land and in 
the homestead -a, position which the steam engine never attain¬ 
ed. The jiaramount neces.sity for increasing tlie food supply of 
the jjeople during the great war wa.s, of course, the immediate causr? 
of bringing the tractor to the front, in Euroja? at any rate. At 
first the demand for tmctors was met by imjxnls from Ameriai, but 
British firms warn turned their attentior*. to tractor design and 
constniction with tJie result tliat wonderful jirogre.s.s has Iwii made 
during tlie la.st two or three years in jKMieeting this machine. 
Already large nurnlKJrs of tractors have lieen (pjietly absorljed into 
British farming, but it rerpiired some such exhibition as tiiat held 
at Lincoln to focus genenil attention ujxjii this great, new force 
in agriculture and to nuirk it.s initiation into the stock-in-trade 
of the farmer. It is true that some tractor trials were held in 
Scotland two yearn ago, but these appear to have been somewhat 
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premature, at any rate as regards British makes. The importance 
which the tractor has suddenly assumed can be^ gauged from the 
fact that I’pwards of forty dificrent makes were exhibited at Lincoln ; 
most of winch were demonstrated on the land. These included 
every tnu’t<*r of importance that is on the British market, including 
a large number of /tmericau makes and one Italian machine. T^e 
exhibition c.xtendei! over a week but the first two days were reserved 
for the judges. The ]>lougliing trials extended over three days, 
during Avhich tinu^ some five hundred acres of stubble and lea were 
plouglied up: th<*re were also threshing and hauling tests, while 
one afternoon Avas deAitted to secondary operations on the land such 
as harrowing. These (rials took ^ilace in some tAventy-six fields 
S])read oAer several square miles, and visitors from all pirts of the 
country AVi're present in large numbers. 

The object of the Lincoln trials aaus not to coiiAunce the farmer 
of the utility of (he trac(or—(hat Avas assumed—but to assist 
him in the selection <)f (lie tractor best .suited to his particular 
farm and needs. The Xational Farmers’ Union appointed six 
eminent gentlemen-members of the Council of the Union and 
all successful pract'cal farmers--to judge the trials, and they were 
assisted in technical engineering matters by a prominent consulting 
engineer Avho sjiecializes in tractor design. These gentlemen will 
issue a full ofiicial report, ujkui the trials, and it is not intended 
in this note to anticipate tJiat report but merely to record some 
impressions of the AA’iiter Avho Avas fortuiate in being present on three 
days. 

A fcAv gi'ueral facts and figures may, hoAA’ever, be mentioned 
to indicate the broiid features of the tractors. First, a.s regards 
power, the maehine.^i Aaried from 20 (o 40 h.p., but the majority 
were below 30 h.p. ; tlie four-cylinder engine predominated and 
the fuel used in the majority of machines Avas petrol or bensol, 
but some paraflin machines were shoAvn. Machines • were fitted 
with two to tliree forAvard speeds (in one case nine) and one reverse ; 
the forAvanl .siieeds lunged from tAvo to five miles per hour. The 
lightest tractor present Aveighed about one and a quarter tons 
(ready for work on land) and the heaviest about five tons. The 
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four-whe^ed machioes predominated, but there were a few three- 
wheeled maohines, and there were three or four caterpillar machines; 
there were also a few self-contained motor ploughs. The enclosed 
spur wheel and worm wheel were the common forms of drive, but 
there were a few chain-driven machines. Prices ranged from 
£*280 to £ 650. The plough associated with these tractors was the 
two to three-furrow self-lift tj’pe, costing from £40 to £60. 
Cultivators and harrows had a spread of seven to eight feet. In 
the majority of cases when ploughing, only one attendant was 
required; this man sat on the tractor an.d operated the ploughs 
by means of levers—a trip arrangement causing the ploughs to enter 
or leave the land. 

Impressions. 

1. The first impression to reccml is that the tractor has come 
to stay, and will play a part in the field comparable to that played 
by the motor car on the road. 

2. The excellent perfonnance of the tractors, taken as a whole, 
was remarkable ; it was the exception to sec a machine m difficulties: 
practically all appeai-ed to be well above the work they were called 
upon to perform. 

3. The speed at which the w'ork was done was an impressive 
feature. This exceeded five miles per hour in some cases, whereas 
horses travel at leas than half tliat rate. This speed was well main¬ 
tained in secondary operations over .soft, loo.se .soil. 

4. The space allotted for turning w'as considerable, jierhaps 
26 feet, but the .smaller tractors did not requiiv .so much room— 
they were, in fact, shorter tlian horses, and could probably be 
turned in less sjiace and with greater case than a pair of horses. 

6. The small tractors in particular appeared to be very easy to 
manoeuvre, and would go anywhere. 

6. For secondaiy operations, such as harrowing, the light 
tractors appeared to hold a distinct advantage as the wheel tracks 
left by the heavier machines could l>e seen in well-defined depres¬ 
sions, but lioth tyjies were quite capable of crossing soft soil without 
getting their wheels buried ; this was due to the width of the wheel 
and the weU-tksigned wheel attachments. 
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7. The tractors were well designed in point of steadiness over 
rou^ or uneven ground, showing no tenden<^ to upset when one 
wheel becatAC raised many inches above the other. 

8. The wheel machines seemed to appeal more strongly to the 
spectators than did the ca+erpillar types, as the moving parts of 
the latter appeared to be too numerous and too congested, an^, 
therefore, likely to suffer severely in wear and tear and to get out 
of adjustment readily. At the same time, the writer was very much 
impressed with the l^ehaviour of one of these caterpillar machines; 
it moved rapidly, turned quickly in a small space and appeared to 
be particularly well balanced (longitudinally), which character enabled 
it to draw a disc-liarrow over ploughed land in a very attractive 
manner, passmg over furrows with ease and rising to ridges as a 
boat breasts waves, I’he self-contained motor plough did not 
impress one favoumbly, as it appeared too complicated. 

9. The tractor, with its relatively great speed, its power to 
draw gang ploughs and its capacity to work long hours, must be 
invaluable in periods of great pressure when, for example, a favour¬ 
able opportunity for sowing may last a day or two and not recur for 
weeks, 

10. L). view of the large number of tractors on the market it is 
obvious that design has not yet xeached finality ;* it is highly pro¬ 
bable tliat number's will disappear aiul that those that survive will 
be modified and I'eduwd t(» a few more or less uniform types; as 
regards the best nuikes, these changes will not, perhaps, be funda- 
meirtal but only in the directirm of greater efficiency, but the adop¬ 
tion of liquid fuel unll prolrably come in time. 

The lesson fob Indu, 

As stated in the preceding paragraph, the last thing in tractors 
is not yet on the market, but there are already machines of great 
efficiency. The tmetor is oven now a rival of the horse and will 
be the main factor in nuvintaining a high area of tillage in British 
farming. In Lidia there is imdoubtedly scope for the tractor, but 
before it can lie taken up on a practical scale it will be necessary for 
the Agricultural Dej^rtment to solve certain pisliminaiy proUfema. 
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These are: (1) to carry out exhaustive trials witli a numl)er 
of selected existiiij? nmkes in order to ascertain the most suitable 
machines for different ctmditious, and (2) to devise some scheme 
whereby a class of comi^tent tractor drivers can Ik* evolved. The 
Lincoln trials were not sulliciently sewie fioui an Indian jHjint 
of view. At Lincoln the soil uas in idejil condition, j)Osse.ssing 
just the right amount of moisture s(t that the ])h»ughs cut thn)ugh 
it as a knife pisses through butter. It is quite jKtssible that some 
of the tractors which did well at Lincoln would fail under Indian 
conditions. There is, moreover, a mucli greatei' rai'ge of conditions 
in Lidia than in England. It is necessary to ascertain ihe l>est 
tractors, on the one hand, to work in the dry season on lieavy 
black cotton soil, and. on tlie other hind, to work in as.socia- 
tion with irrigation in the Jndo-trai’getic plain, to mention 
only two conditions. 8uch trials must ohvitmsiy ]ire(;<*de useful 
suggestions for modifications in design to suit jiarticuiar Imlian 
conditions. 

It has been the common exiierience of all agricultural officers 
concerned with district work in India thit the gnatest imjM'diment 
in the way of improved tillage was the weak coinlition of 
the cattle; this is always the stumbling block when imjuoved 
method.s are attempted. The tractor }H»iuts to a solution of this 
difficulty, though the scale of ajijilicaiiou may Ik* limited for many 
years. 

There seemed to Ik* two circum-stances in whicli tiie tmetor 
would prove of esjiecial value in India : (1) to assist a devastated 
famine tract, where the cattle have died, to recover rajiidly ami at 
the first oppirtunity, c./y., tractons equij)jH*d with gnibbers and 
drilling machines w’ould enable large areas to Ik* j)romptly .sown 
with .sf>me cereal such as Intjri (Pennudnm Idpho'ideum ); and (2) 
to enable tracts opened up by new canjils to Ije mpidly tlevelojied : 
it is usual when a new carail is opened for several years to pass by 
before the existing population can adjust its resources and organiza¬ 
tion to the new conditions. More cattle have to Ijc found and more 
labour obtained. Even where colonists are impnterl, it takes 
several years to develop the tract. 



THE MOTOR TRACTOR IN AGRICULTURE 


140 


These considerations bring home the fact that the Agricultural 
Department could hardly perform a more useful function than 
thoroughly to investigate the possibility of the tractor in India. 
The great fault with agriculture in this country is the low yield 
per unit of area, and this 'S due, in very large measure, to the low 
standard (»f tillage farming: the land is seldom clean and the soil 
not sufficiently worked in many areas. If these defects could be 
removed, the first step ",-ould be taken towards an improved level 
of yields, and other steps, such as providing an adequate manure 
supply, would be simplified. A lakh or two of rupees expended upon 
this problem would be money well invested. 



NOTES ON THE PROGEESS OF THE EUROPEAN 
OLIVE AT PESHAWAR. 

BY 

W. ROBERTSON BROWN, 

Agrieiiltunil Officer, North-Wenl Frontier Proriiire. 

After iiiajiy years of almost unrestricted giazirg and fellirg, 
the wild olive {Oka euspidata) is still common on the Himalapin 
foot-hills, and sIojk!s abound on the North-West Frontier tliat 
would soon be clad with the tree if a period of pnitcction were 
given. Cherat is a good example of a j)rotected tree-clad liill. 
As the crow flies, it is situated about 15 miles from the Pesliaw.ir 
Agricultural Station, and it rises, a mass of rocks, to a height of 
about 4,000 feet. Outwardly it appears (h'stitute (»f soil, yet, in 
striking wntrast to the bare lulls around, its steep sides are densely- 
covered with coppiced olives, almost to the ex(;lusiou of any other 
tree. Along its crest, contingents of the Pesluiwar Brigade iji. turn 
wearily spend the long summer days. Cherat hill is cool and 
tolerable in the evening OJily : by day it is made green and habitable 
by the olives that shelter the bungalows and the winding hill piths. 

And each suceeeduig year, it would apjiear, the idea occurs 
to some marooned officer, as he walks forth after simdown, tliat 
the olive of commerce would surely lie successful where the wild 
olive grows so well. Almost every year the suggestion is made 
by someone to the Agricultural Department that the Europan 
olive should be introduced to the North-West Frontier hiUs. 
The same thought occurred to the writer as he viewed Cherat in 
1910, and in the spring of the following year 100 Europan olive 
plants were imprted from Naples for trial at Tarmb. The plants 
arrived in excellent condition. The season, was, however, too far 
advanced to get the trees established before the burning hot June 
days set in. They were therefore {Wanted at IS feet apart that ^ 
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they might be cl<>!sely observed and, if nccesfwry, protected. The 
intention Wis to transplant two-thinls of the trees in the following 
spring. But f»>r several rea;ious, chief among which was the fear 
that the points might not transpkn.t successfully, they were allowed 
to remain as they were—4o provide nurseiy stock. But they 
grew so vigorously that they threatened to form a thicket which 
would neitJrer yield proj5agatij)g wood nor fruit (Plate VIII). It 
was, therefore, decided to carry out the original idea—to move two- 
thirds of the trees. Tiiis work was .started ii’. 1918, when the trees 
were nearly seven ycar.s of age ai’.d after luo.st of them had borne 
fium 5 to 20 fKnuuls of fruit. 

They were ti“ai).!i!])lanted without .soil balls, but Were most 
carefully dug out and .set in their new jxj.sitions. The root-spread 
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of each tree was restricted to 6 feet diameter, and it may be men¬ 
tioned that, contrary to expectations, all the root systenis were 
extraordinarily shallow. The roots were almost as abundant as 
fibrous and close to the surface as those of healthy peach trees. No 
tree had a tap-root. No doubt this was due in a measure to the 

t 

irrigation which the grove received. The heads of the trai’splanted 
trees were cut back in a manner which is very well sliown in the figure 
above. After the soil \^as .settled about the roots by lilK'ral flooding 
the trunks and branches wre wrapjx'd in dry sugiroape leaves to 
protect them from the sun and, po.s.sibly, fn»m frost. Mo.st of the 
trees were transplanted in January and February, and soon it was 
apparent that those that were moved finst grew more vigomusly 
than those that were transplanted later. By the end of March the 
branches bristled wth plump green buds, which quickly e.xtended 
and became vigorous limbs. Now, a year later, the olives have 
big healthy green heads. The trees promise to catch uj) those 
that were not transplanted. It Jm been dtknniiied that establislu’d 
olive trees, full seven years of age, 15 feet in height with 12 jeet spread, 
can he sajdy transplanted without soil balls. 

Regarding the potentialities of trade in olive products in the 
North-West Frontier, thus far the trial at Tariuib has shomi tlait the 
foreign species grows and beam well and early under irrigation, 
despite the very high temperature and .scanty rainfall. At five 
years of age several of the Tarnab trees yieldeil up to 20 ].xmnds 
of plump, well-developed olives, and now, at ciglit years of age, 
many of the trees are bearing from 100 to 120 jKxunds of good 
fruit. 

The percentage of oil from ymmg trees is said to be low, and 
aralyses of the Tamab fraits proved that they were not exceptional. 

There is one ominous danger that clouds the prospects of a 
trade in olive products on the North-West Frontier hills. In 1916 
it was discovered that a destructive olive fruitfly (Dacus okas) 
is abundantly present in Himalayan olives. The peat may be 
expected to attack European olives if they are established on the 
Frontier. The story of the discovery of the fly is interesting and it 
may be told. An Italian entomologist desited to know if the 
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Hinvilayan olive was attacked by the olive fruitfly that is so Well 
known in Europe and, if so, whether the fly had a parasite. The 
hope of the scientist was that a parasite might be four.d in India 
which conhi be introduced to eombat the olive fly iii Italy. Accom¬ 
panied by the writer, the Imi)erial Entomologist visited the Clier^t 
hill in 1916 t o searcli. for the fly and, percliance, to find its jmrasite. 
Almost before baggage was unpacked, the Imperial Entomologist 
found an olive which contained a maggot suspiciously like that of a 
small fruitfly. A quantity of wild olives was collected and conveyed 
to Tarnab. There, ]>efore many days passed, a large number of 
fruitflies emerged from the olives. Happily, many olive fruitfly 
parasites simultaneously came forth. The high hope that India 
might grow olives nnehecked hy the fly was cast down. But a cheerful 
wit lias said: “ I have had many troubles most of which never 
came off.” Perhaps the fly which afflicts the Himalaj’an olive 
will not prove destractive to the European one. Or the olive 
fruitfly parasite on the Himalayas may be a vigorous one well able 
to c,ontrol the (dive fly. At the worst, there remains the assurance 
that this pest on olives is in a measure controlled in Europe by 
pruning and careful cultivation. Now that the Tarnab trees liave 
attained bearijig age, hopes and fears regarding the fly and its 
parasite .should soon be .set at rest. 

During the progre.ss of the olives at Tarnab it was observed 
that some sour oranges near the grove were constantly yellow and 
unliealthy, whilst oranges sliglitly more distant from the olives 
were dark green and vigorous. It appears that the orange cannot 
be .successfully interplanted with the olive. This is somewhat of a 
disappointment, at Tarnab where it was intended to try this combina¬ 
tion, because, wherever the orange is grown in North-West India, 
many fruits on the south-west side of the trees are “ sun scorched ” 
and spoiled. It was hoped that the olive, whilst yielding a profitable 
crop, might protect the orange fruits from the sun. 

This autumn one or more of the Tarnab olives, which are now 
fruiting so well, will be selected for propagation and distribution to 
the hills. But a number of years must elapse before olive oil from 
the Afghan hills is on the market. 



THE DEVELOPMENT OF CANE PLANTING Bl 
THE EAST INDIA DISTILLERIES AND 
SUGAR FACTORIES. I.TD. 


BY 

MESSRS. PARRY & CO. 
(Managing Agents.) 


The liii.st Indift Distilleries aj«l Sugar Factories. Ltd., may be 
said to lx? tbe pioneers of tin* cane sugar indu.stiy in the Jladms 
Presidencj' and some brief acc'ount of their pn>gre,s.s and ex]K‘rience 
is worthy of rt'cord, explainuig as it d<*essome of the reasons why 
central ftine factories ii'. India are not always .successful, and sho'wiug 
in a general way some of the difficulties t<j Ik* expected when 
cultivating cane on a large scale. 

A succes-sful cane sugar industry recpiires large tracts of land 
within easy reach of a central factor}', it Ixdng of first importattce 
tliat cane once cut shoul<l j)aas through the mills within 24 hours 
of harvesting. 

The first problem therefore was to j)rocure suitable lands 
adjacent to the Nellikuppam Factory and, following on that, suffi¬ 
cient labour to cultivate them. 

Here was presented an initial difficulty wliich at one time 
seemed insurmouiitable. For many years the local ryots had grown 
cane which they brought to the factory to be crashed; but this 
could never be relied upfm as a regular source of supply for the 
reason that cane was only cultivated when it suited the ryot, i.e., 
when the price of paddy and other crops offered less induce- 
hwnt than the price which the company could afford to pay for 
cane. 
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It \vaa felt, that development must lie in the direction of cane 
farms belonging to the company, but this was apparently an impos¬ 
sible propositi'/U in view of the very high rents required for what 
are known as “ wet ” lands upon which only, it was believed, cane 
could be satisfactorily cultivated. 

The very low price of sugar on account of cheap imports from 
Java and elsewhere made rigid economy a necessity, whilst the 
question of obtaining sufficient labour to cultivate the land was 
a further obstacle. 

The introduction of the oil-engine for pumping purposes was 
the beginning of a new era, suggesting as it did the possibility of 
irrigating the large tracts of “ dry ” lands in the neighbourhood of 
the factory which had hitherto proved a comparatively poor source 
of income to the landowners. In the course of several years’ 
experiments, certain tracts of these “ dry ” lands were found suit¬ 
able for the cultivation of cane, and the company commenced to 
negotiate for leases with a view to expansion to the extent of the 
labour available. 

Such negotiations were at first lengthy and arduous, but some 
40 acres were eventually planted, and the problem of procuring a 
variety of cane suited to the extremely trying Indian climate next 
presented itself. 

It was necessary to find a cane capable of withstanding the 
hot weather and dry winds of May and June, and equally capable of 
developmg sufficient strength to stand up against the heavy downfall 
of rain generally experienced between October and December. 

With the assistance of the Governmeni Cane Breeding Station 
at Coimbatore ni-any varieties were experimented with and it was 
eventually found that the Ashy and Red Mauritius canes would grow 
more or less satisfactorily, thotigh the yield in tons per acre left 
very much to be desired in comparison with the crops grown in other 
countries. 

It will thus be seen how handicapped the company was at the 
start. Land was difficult to obtain, labour at the time of cultivation 
comparatively non-existent, and suitable canes had to be discovered, 
the growth of which owing to climatic conditions was only about hall 
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the tonnage per acre accepted as necessary for economical develop¬ 
ment on a commercial scale. 

However, having satisfied themselves tliat by patient negotiation 
land was procnrable, the company’s attention next turned to the 
question of seasoned canes, irrigation and artificial manurii'g. 
The sinking of wefis and establishment of pumping atalions were 
easy matters ; and judicious manuriixg demonstrated tliat reasonably 
satisfactory crops could be produced if experienced attention was 
given to the selection of seedlings. 

To arrive at this point required much patient investigation, 
and having surmoimted to a great extent the initial flifficulties 
the labour problem had to l>e considered. 

There is plenty of labour to be obtained in the district but 
as the preparation of land must take jdace vsimultaneously wifli. the 
harvesting of the giuimdnut crop • m(»re easy and coiigenial w(»rk- 
some, method of mechanical cultivation was essential. '!'<* deal 
medianioally with small plots of “wet" land sunmuided Avitli 
bunds and inigation cliamiels was not practicable, but liavieg 
proved that cane could be gK»Avn ou the large tracts <if “ dry " laud, 
a Fowler’s double engine steam tackle was purclmscd for jilougliing, 
trenching and cultivating (Plate JX). 

This after a year’s experience proved a. di'cided success, doing 
better, quicker and cheaper work on a largo scale tluiu )iad formerly 
been possible by hand lalxmr even on a vory small .scale imder 
constant and thorough supervision. 

The company was now in a jxi.sition to go aht'a<l with develo])- 
ment and commenced to extend their operations to the limit of tlwur 
powers of raeclianical cultivation, ix., 7/800 acres. 

With this extension the improvement and capacity of the factory 
mills became essential, and the general activity shown ii' all tlirec- 
tions brought the ryots to realize that the cultivation of cane for 
the central factory was a steady source of income worthy of 
attention. 

Encouragement to extend the acreage planted by lyots was 
given in the shape of advances and seedlirgs, whilst much v'as <loi v 
to assist them by the sale of oil-engines and pumps on easy payment 
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terras. As a result, the acreage uiider caxie extended very nearly 
to the limit of the factory’s capacity and the question of transport 
at harvest time became a problem. 

Carts had hitlnulo been obtainable for the company’s crops 
but Were now to a great extent requisitioned by the r}^ots themselves. 
In addition, it was found that to cou.vey loaded carts of cane across 
trenched fields to the road^ was a tedio'is business and heart-breaking 
to cattle. The company tlicrefore laid down a light portable tram¬ 
way across their larger farms, with trucks which ccmld be. easily 
projxelled by iuind hilKuir. This ti’amway brings the cane to a point 
on the main road where Imndies ctin lx; loaded for a comparatively 
short journey to the factory, and it is iutcndeel later to carry the 
line up to the Soutli Indian liailway and despatch the cane on special 
trains, thus releasing moiv carts for work in other directions. 

Duriitg all tlw uIhah* operations the company was endeavouring 
((» secure a cane of better class tliaji the lied Mauritius variety 
wliich, while apjx-arijig to be imimme from any serious tUscase, is not 
of a very high sugar cojit ent,. 

The following table gives particulars of various canes cxj[xu.‘i- 
mented witii, and it will lx* noticed that the most promising of all 
is Fiji B:— 


•Vaw(€ oj I'urutie.t 


Vo JMx 

rurili/ 

Tons of cane 
}Kr acre 

I'iji B. .. 


lti*70 

83-01 

47-78 

Kallakiiriolii 


liBi 

50-80 

42-85 

Big Taaaa 


la-!)7 

78-811 

40-96 

D. J3l .. 


15-77 

77-43 

37-94 

I’urplp Mauritius 

. . i 

1 ri'5u 

7(»-4i» 

37-56 

131 

.. ! 

14-72 

70-28 

37-51 

Ashy Mauritius 


n)-71 

84-55 

36-64 

S5 


15-lH 

76-72 

36-07 

B. 3413 .. 

i 

17-(t8 

7<t-77 

34-31 

1). 74 .. 


14 -Sti 

77-05 

34-01 

B. 147 .. 

.. i 

15-01 

81-27 

32-00 

D. «26 ,, 


16-45 

76-41 

28-40 

Ashy Mauritius 

,. 1 

10-78 

82-88 

26-89 

Red Mauritius 

.. 

IC-1>8 

79-57 

22-97 

.lava 247 


14-40 

70-64 

22-60 

Ashy Mauritius 

• • j 

15-31 

70-35 

20-86 

Java 247 


14-70 

73-28 

20-24 


It must, however, be recollected that the very good results 
shown have been obtained on specially selected experimental plots, 
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and tluit on an average nothing like the tonnage indicated c-an as 
yet ho ex])ectcd. 

Up to date the average figure lias been alK)ut 25 tons jH^r acre 
but by Ciireful manuring it is hop'd to bring the hgnre to ,*}<) tons, 
wliieh Is proliably the limit to l)e <ibtained in the Mailras dinuite. 

This figure is naturally dejK'ndent on the rainfall, and the 
crops luirvested in 1919 owing to continued drought during the 
preceding year Were very mueli below the ton.nagt' hitherto expe¬ 
rienced. As a re.sult, the jilanting by rvot,,s this year has shown a 
cousidt'rable falling cfT and tin' company 1 herefon* now jirojKises 
to make arrangements to increase its own farm acreage to mak<' 
itself less dejiendent. than hifherl<i on supplies from outside sourei'S. 

Wt' give below .some notes supjilied by the Macager of the 
Xelliktip])am I’aetory which are of interest. :■ 

“ 1 :uu of the opinion t luit, cane Fiji 1>. a few .sets of which we got 
from Coiiuluitore about 4 or .~i vi'ars ago, aiol theare.i of which we 
have gradually extended, is likely to proNe a mneh more tiseful cam' 
than lied i\Liuritins. It is a short, thick cane of very t-rect growth 
and not, liable to be blown over bv high winds. It has a comiiani- 
tively high sugar contf'iit and crushes splendidly in the mills. 'I’he 
rind is sulficiently lianl to deh'nd it. from jackal attacks, and during 
the four or live yi'ars we have grown it. although it has been tried 
under all .sorts of varied conditions, it. his shown no signs of disease 
but on the contrary iia.s distinctly improvcil in iijipearancc atal 
growth. 1 think the fact tluit the local ryots luive takt'ii .sjxmta- 
iK'ou.slv t(» I, his cam' as they never did t.o any other variety, argiu's 
well for its jxtpnlarity atal succe.ss in the future. 

“Willi the irrigation facilities we iuivi', our’ cani's gi'nerally 
start veiy well indeed and giv'e a good ami ri'gular .sUiml and very 
few blanks have to be filled uj), altliough we nuiintain. snu'ill nursi'rie.s 
for this puipose. 1 have shown our young jilantations about a 
month or two old to ex]K'neit.('.ed jilan.ters from Mauritius ami they 
.seem to think fhat our canes make a mucli better and quicker 
start than tliey do in that island. Unfortunately, on occasions 
we have long .spells of very dry weatlier acconqianied by hot winds. 
Duiing such times, even with ample, well irrigation, the cane does 
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n(.f' appear to f^ro'v af. all, ami T r;(»iiHi(lor tliis cliinatic difficull.y 
is a .TV .S'tIous oih‘ .'ii'd ai'(',()iii'.is to a. j^r'^at e-xtei't for llio lowfo’ 
yi'.'Ids <ditai,.ru in India than in mninli-ies fa\'ouivd witli a morn 
Inimif! nln.ritf, Fnrilior. wa* liavn a pt riod i)! NovcjhImt and 
Dfc.fiiilxn' oi (‘';('.<>S';ivcly iM'a\/ min., amminliim somolimns to :}5 
iuchns in a whi'di aho dues dama_i;n to iJm nroj) by layinydt. 

7’1k“ juinn III' .sii'di (■.(l o him alwavsa A’cry low jairity Imt no practical 
means ha.s Ikhmi found of ubvialiji}.' ihis dillicnity. Tire iulroduction 
Ilf a .sliorl (T and I liick'i'i c,. ,.c ia 1 li<‘only way wc m-c imi o| it.' 



DEVELOPMENT OF IRRIGATION FROM BHIND 
CANAL: A PLEA FOR ECONOMICAL 
USE OF WATER. 

JIY 

S. K. GUKTIJ, .M.A., M.I.C.E., 

Member, Board oj lievemie, for Irrigation, Gwalior Stale. 

In reviewing the pr(>p>.siil,s for tlie BJiind Caral, Gwalior, 
ill 1910, Mr. Preston, after going into detailed ealenlutions in regiird 
to storage and loss in re.servoirs and canal,s, arrived at a net volume 
of 2,697 million cubic feet on the fields, and a.ssuming the total 
depth of weltering a little over 12" (which meant, tliree to four water¬ 
ings on the lield.s) estimated irrigiting llO.OtMl hiykis. Re also 
considered the j)os.sibility of irrigating 200,000 hi(jlias with 18" 
Watering in good years. Tlie.se were them-etieal figures estimated 
befoiv the development of the caiuil bi'gan. 

iSince 1910, there have been si'Vi'ral eluinges in the lakes. The 
maximum and average .storages of tlie four lakes now are lO,4(Kt 
and 6,100 million cubic feet, resp'Ctively. The.se will bo subjected 
to three deductions to get the net volume on the lields :— 

1. Evajxnution and absorption. 

2. Lo.s.s in river bed in transit. 

3. Loss in canal bed in transit. 

After deducting the losses, the net (piantitics on t.he fields 
under maximum and average conditions are 6,010 and 3,040 inillion 
cubic feet, respectively. 

Originally it was assumed lliat tiiere would be no loss in the 
bed of the rivers by water travelling from Tigra and Pagara to 
Kotwal and Pdlowa pick-up weirs, but it lias several times been 
observed that a discharge of 600 cusecs from the higher lakes has 

^ W 'I 
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only given a discharge of 400 cusecs at the canal off-take. The 
loss in the river channels has therefore been assumed to be 20 per 
cent. 

According to the duty which is assumed in projects for net 
storages, the maximum and average qmintities would suffice to 
irrigate 6,010 x 30 = 180,300 uiglim and 3,040 x 30 = 91,200 bighas, 
respectively. These figures are about the same as assumed by 
Mr. PrestoJi. 

The development of the Bhind Canal began in the winter of 
1914; we luivc had live irrigation seasons. It wiU not be devoid 
of interest to examine the duties obtained in these years. 

1. Irrigation season op 1914-15. 

In the first year most of the canals were luifinished and beds 
not pi’ojx'rly cleared. We irrigated an area of alxnit 25,000 highas. 
No recoixls were, I regret, k(*])t about the storage, etc. 

2. Irrigation season op 1915-16. 

During this year the net A’olume on the fields was 2,120 million 
cubic feet, whereas the irrigated area was 70,000 highas. The crops 
irrigated Were gram .ind wheat in the proportion roughly of 1 to 3, 
and the number of waterings varietl in different portions of the 
irrigated tmct. in tlio Tehsils near the head-works, from three 
tt» four Avaterings Were given, including the first “ paleo ” watering 
{i.e., Watering necessiiry to moisten the fields for sowing). Li the 
tail portion, the number \aried from one to two. The total area 
was, however, sniiill. The average duty* obtained in this year 
was 33 higim per millioti cubic feet. 

3. Irrigation season op 1916-17. 

Li this year the rainfall was abnornml. Indeed it beat the 
record. There was little demand for irrigation. The total irrigated 
area was 37,400 bighas, against the utilized quantity of 1,200 million 

* L> hydraulic eugiuecring duty mcaua the area which a given quantity of water can 
irrigate in a eeaaon or a year. 
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cubic feet. This gives a duty of 31 highas per million cubic feet. 
The loss in the water-courses in this and in the previous year was 
rather high, as it was not considered ex]XHlient, in introducing 
irrigation in. a tract where it was unknown before, to insist on a 
proper constructiojx and mainteiuiuce of water-courses, as tliat 
vNauld have scared the irrigators. With better water-courses and 
stricter supervision, the duty is increasuxg. 

4. Irrigation season op 1917-18. 

This year also was a wet year. The Sixnk-Asan sj^stem suffered 
a griex’ous loss in the failure of the Tigia dam, by which we lost a 
storage of about 5,000 million cubic feet, and consequent on damage 
to Pillov’a, which is situated below the Tigni reservoir, the storages 
of Kotwal and Pillowa lakes also were lost. Thus the entire iniga- 
tion (50,000 highas) was done by the st(uag(' of Pagara lake. The 
repairs of PiUowa could only be com})leted by the end of Ilect'mber 
and though the cultivators were given hojxes of wat(‘r tluy were 
distinctly led to understan.d tliat none could be nunle available 
before January. Thus when actual irrigatum begaii in this year 
there was keen deimnd for water ai'.d the number of waterijigs 
did not exceed two, and in 5t> per cent, of fields was (»nly one. The 
quantity consumed was 1,680 million cubic feet which, on an. irrigated 
area of 50,000 highas, gives a duty of 30 highas per million cubic 
feet. 

5. Irrigation season op 1918-19. 

This year \yas a year of extrt'mc drought and fiOin the very 
beginning every body concerned was given to underatand that n(> 
waste would be permitted and the minimum number of waterings 
required would be given. In additunr to this, a very strict sujK'r- 
vision was kept on the use of water and the department set its face 
against giving water to the tail jxrrtioir, as it was seen tliat it would 
be better to irrigate the maximunr area jMissible nearer the head- 
works to obviate loss by absorption, instead of supplying inadequate 
water to the tail portion. The staff was explicitly ordered not to 
extend irrigation beyond the irrigation capacity of the storage and 
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to reserve suflicieut quan^ty for a second watering where needed. 
The ntiinl)er of waterings aTso was restricted to two. In a very 
small portion three Wiiterings were given and in an equally small 
portion one watering was necessary to save the hhari^ crops. Thus, 
this year may be considered to be the first year of coiujjaratively 
economical use of water. The sympathies and co-operation of the 
irrigators were enlistcid by assigning quantities of water at different 
out-lets and apjx>inting diowdharies for equitable and economical 
distribution among themselves, and very severe notice was taken 
of any wastage, a sjiecial staff being deputed for the purjwse, in. 
addition to the regular reveinu; staff. These measures reflected 
themselves in the higli duty obtained. The net quantity used on 
the fields works out, for tJiis year, to 1,540 million cubic feet and 
the area irrigated W'as 60,000 higlm. This gives a duty of about 
40 higlms ix'r million cubic feet, which is very good and clearly 
shows that, by the introduction of economical methods of distribu¬ 
tion, a much higher duty can be obtained. 

The experiments of Law'os and Gilbeil, show that pulses take 
10,000 cubic feet of wafer for actual trajispiiatioji; but some 
waste is incidental iji a])plication as. the crops being embedded in 
loose soil, the subsoil absorbs a great deal of water while the plant 
is growing. 

If we allow 5,000 cubic feet for this, the quantity per higJm, 
under scientifically rigorous conditions of application, comes to about 
15,000 cubic feet. The theoretical duty of 30 biglias per nullion 
cubic feet gives 33,000 cubic feet per higJui. Fn)m this it will be 
seen thtit by the introduction of ecojiomicjil methods of application 
it is possible to raise the duty jx'r million from 30 to 70 bighas for 
crops requiring two to three waterings. If we follow the advice 
of Mr. Howard of Pusa and raise wheat, gram and cotton on one 
watering, it is quite jwssible to attain a duty of over 150 bigJias per 
million cubic feet. The importance of introducing economical 
methods of irrigation is evident from this. The only way to ensure 
this is to introduce the system of chargmg by measurement. The 
present system is to charge by cropped area, irrespective of the 
quantity of water used. If the crop is in a flourishing condition, 
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it is assumed that adequate water must have been aUowed and full 
rate is charged. If a twelve or eight-aima crop is produced, the 
water rate is reduced proportionately on the assumption that 
adequate mter was not supplied. Nothing, in some cases, is 
farther from actual fact. Wherever inferior crops result, they are 
due to any one of the following reasons, singly or in combination :— 

1. Copious use of water. 

2. Want of aeration of roots. 

3. Want of weeding. 

4. Situation. Low depression, where water accumulates 

and prevents soil ventilation. 

5. Poverty of soil and absence of manmijig. 

6. Untimely application of water. Application of water 

is necessfiry when the plant is thirsty. The Gwalior 
irrigator, acting on the principle of “ take when 
you can and not when you m.'iy,” always gives 
an early, unnecessary, and abundant watering. It 
prevents the roots of plants getting oxygen and acts 
as a toxin. 

The Irri^tion Department has often to remit watercess for 
fields which have consumed double the quantity of water supplied 
ordinarily to an equal area producing normal crops! Is this not 
setting a premium on wastage ? The charge by measurement 
will obviate this. If we sui)ply a given quiintity of water at the 
out-let for so many rupees per million cubic feet, it will be in .the 
interest of the irrigator to make kiaries and use Avater as economi¬ 
cally as in the case of wells. When the purse of the irrigator is 
touched, he responds with alacrity to wholesome stimuli. It is 
rather early to introduce sale of water by measurement in Gwalior, 
as elsewhere in India, but I desire to bring the subject prominently 
to the notice of the revenue and agricultural ojBficers, with a view 
to enlist their sympithies to facilitate its adoption as early as 
possible. I commend for their careful consideration the lessons 
brought out by Mr. Howard in the Pusa Bulletins Nos. 62 and 61. 
I have put in the thin end of the wedge by charging eight annas 
for one watering, even in case of a sixteen-anna crop, to enable 
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the irrigator lo realize that he pays only 33 per cent, of the full 
rate R. 1-8 if he gives one watering instead of two, three or four. 
A motive is thus supplied for economy. When this begins to 
work well and the State Agricultural Department establishes by 
demonstration that wheat and pulses can be raised on one watering, 
provided soil aeration and root ventilation is ensured, it will be 
time to (b'i.n^ in the wedge deeper and to introduce the system of 
charging by measuremejit. 



THE DRYING OF BANANAS. 


BY 

W. BURNS, D.Sc., • 

Econmnic Botanist, BomJxiy; 

AND 

P. G. JOSHI. 

Superintendent, (hneshkhind Botanical Garden, Kirkee. 

In the “Agricultural Journal of In.dia ” for July 1911, there 
appeai-ed an article by L. B. Kulkarni, L.Ag. (a wdleague of the 
presap.t writers), on The Drifutg oj Plantaim <U Atfoshe, Since tlwt 
(late and especially during tlie war, when the food (piestion vsiis 
urgent, experiments have been made by us in the drying of iKuanas 
to determii’c (1) whetlier varieties of banai’as otJier than tlie one 
used at Agashe could be dried, (2) to see whether tliere were any 
reasons why bananas should not be dried at other places tlian 
Agashe, ai'.d (3) to devise and to develop a clwap and efficient means 
of dr}’in,g bananas on a large scale. 

In this article the woixl “ banana ” is used for any fruit of the 
plant Musa sapientim (or Musa pamlisiam). The djstinction of 
the fruits into bananas and phintains has always seemed to us 
vague and confusing, 

Banai'a-drying is an art of some anti(]uity. Fawcett' gives 
several references fn>m the works of early travelhu's. The following 
may la; quoted* fmm the works of Dampier (17th centiuy): 
“ The Ihiiien Indians prc'serve tliem (Imnanas) a long time, drying 
them over the. fire, mashing them first and mouldii'g them into 
lumps.” “ A ripe plantain, sliced and dried in the sun, may be 

‘ Fawcett, W. “ The Banana,” 1913. 

‘ JM, p, 109. 
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preserver! a great while, and then eats like figs, very sweet and 
pleasant.” Pere La hat’ (17th century) also writes: “To preserve 
them (bananas) like figs, raisins and other dried fruits, they are 
allowed to ripen thoroughly in the house, in which condition the skin 
is very easil}” icmoved ; they arc then cut lengthwise into four, ai\d 
dried on a trellis-like stand in the sini or in an oven after the bread 
luis been bakc'd ; the fruit i)ecoTnes covered with a white sugary 
jK)wder deposited fronx its own juices. L), this condition they will 
keep for years.” 

Fawcett states thxt Ixanann “ figs ” (dried slices) are being 
manufactured and exported from Jamaica. In India, Tiavancore 
is the only otlicr place besides Agashe that he mentions as a home of 
banana-diy'ing. 

In Fawcett’s book and in various other treatises on foodstuffs, 
analyses of tJie unripe an.d ripe banana are given which show that it 
is a valuable nutrit ive substance. Drying of it means the production 
of a store of easily javserved food against famine or to vary a diet. 
Moreover, in maj'.y ])laces a emdain number of banana fruits go to 
waste for want of an immediate luiuket. The drying of the fruits 
would obviate this waste. 

PUKLIMIN.VRY EXPERIMENTS AND DIFFICULTIES. 

The earlier e.vjxu'iments were caiaaed out in Bassein, a town on 
tire we.st. coast of the Bombay Presidency witli a climate similar to 
that of Agashe. Bixsselu is practically at sea level, its average 
rainfall is 83 inches, and its temperature in the shade durmg the 
whole }t‘ar is very equable owing to the neariress of the sea, the 
mean maximum temperatures fm January and June being 87° and 
91”F., and the mean minimum temjreratures 60° and 78°F. Drying 
was first of all done in a small rvooden box ojjen to the sim on the 
upper side. The varieties Eajeli and Tutido were used. This was 
in December 1916. The hananas thus dried developed maggots 
in March of the fcdlowing year. 

The next lot were dried in April and May' 1917. In this case the 
following varieties were used : Basrai, Bankeli, Budubedi, Saisalatidu, 


i Ibid, p. 113. 
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MiUMi, Red, and a yellow sport of Red. The open side of the 
box was covered by muslin or wire gauze. The bananas were 
taken out of the boxe.s at nigjit, and kept indoors to prevent 
them being damaged by dew. One or two loxes were covered 
with glass panes and these with the ])ananas diying in them 
remained out night and day, but were covered at night with 
guimy bags. After drying the bananas wore jmcked in small 
bundles, wrapped in banana leaf-sheaths, and put in biscuit 
boxes. These were seiit to Poona where they wore kept in a 
room in the Agricultural College on a shelf without any special 
protection. 

In the manufacture of tliis hatch two ix)ints arose. In windy 
weather Imnanas under gauze or muslin wore apt to get coveiod 
with dust. Also ants somethnes crept up into the boxes and attacked 
the bananas. It was therefore obvious tliat boxes with gla.ss covers 
were best and that they should rest on stands with their legs in 
bowls of water to prevent the ascent of ants. This batch wos re¬ 
examined in September 1917, w'hen .some pickets wore found to be 
sound and others ma^oty. 

Final form of the drying apparatu.s. 

An apparatus was now' devised w’hicli ol)viated all causes of 
failure. It is shaped like a flat museum show-case supported 
on four legs (Figures, 1, 2 & 3). Kach leg is two feet ui height. 



Pici. 1. Banana-drying case. 
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The box used one foot broad by four feet long by two feet deep, 
but may of course be of any si^c convenient. The lid is of glass, 



Fio. 2 . Fraraevrork for bananas. 


hinged on to the body of the lx)x. AH joints should be insect and 
dust proof. In the floor and in the two long sides of tJie box are 
eighteen ventilators, round holes about half an inch in diameter, 
six to each side and six to the floor. These are closed by wire 



gauze inside, aiul there arc also bungs for stopping them up entirely 
at night. A false floor of cane lattice-woi'k rests on four blocks 
four inches tall on Ihe bottom of the box. This is the actual tray on 
which the bananas rest. 

Experiments with this apparatus were carried out in Kirkee, 
elevation above sea level 1,850 ft., rainfall 27 inches per aimum, 
maximum average temperatm-es January and Jmie 85°F. and 86°F., 
minimum average temperatures 53°F. and 72°F. 

In November 1917, several varieties of bananas were dried 'm 
the above apparatus and exhibited at the Food Products Exhibition 

4 
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at Calcutta iu January 1918. The dried bananas on being taken out 
of the apparatus were packed in wide-mouthed glass bottles, the 
mouths of which wre luted w'ith paraffin wax. Some of these 
bottles got broken in transit. The contained bananas were taken 
out and repacked iu other bottles. These bananas show’ed mould 
after a few w'ecks. The others remained sound. 

Further experiments. 

In April 1918, the foliow'ing varieties were dried : Karanjeli, 
Kalhi, Banheli, Walhe, Soni, and Rajeli. Half of them were wTapix-d 
in oil-paper and packed iu tins, the other half were put loosely 
into glass jars. They were examined in. June and tSt'ptember 1918, 
and finally on May 5, 1919. At the first examination it w^s found 
that tw^) bananas of the Kalhi variety show'ed a giowth of mould. 
These two were removed and tlie whole lot that had Wen in contact 
were exposed again to the sun for one day and rejmcked. There 
was no further attack. The rest <tf the baraiuis were souiul all the 
time, and some w'ere still sound in (Jctober 1919, having kept eighteen 
months. 

It seemed that it was advisable to examine the Wranas ]K?riodi- 
cally in order to check any jx)ssible growth of mould. An examining 
box consisting of tw'o panes of glass in a frame, so that the examiner 
can put his eye close to the fruit without breatliijig on it, was devised 
and is useful. 

Developing a desirable colour. ^ 

Under strong exposure to the sun bananas tend to take on deep 
colours and in weaker exposure the colours are pale. Bananas that 
have dried brick-red often turn black on keeping. A bruised or over¬ 
ripe part dries black. The product takes the final colour about 
two days before the fiiml drying. The ideal is pale saffron as a 
finishing colour, so that, after keeping, an attractive shade of red 
will be visible. This is obtained by using bananas that are exactly 
ripe but not over-ripe, and by putting a cardWard over the dried 
or rather drying bananas in the box for the last two days of the 
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process. This method applied in February 1919 gave an excellent 
saffron-'’o]oured product that had turned a red in. October 1919, and 
remained perfectly sound. 


The peocess. 

The following is a rdsunai of the process:— 

(1) (ret fully ripe but not over-ripe fruits. 

(2) Peel them an<l -•''rape' the outside of the fruit with a 

Immboo sci-apcr to get rid of all shreds of skin. 

(3) Put the peeled bananas on the cane lattice tray and 

shut the lid ; juit flu; frame out in the full sim, with 
its legs in water bowls. 

(4) Wlien tlie tenijxjrature begins to fall below 95'’F. in, the siui 

close the ventilators with bungs. 

(5) At night cover the whole frame with a. thick gunny 
. bag, or (if rain, is ex])ected) witli a tarpaulin. 

(6) Turn the fruits ilaily. It v'ill fake from fr.ur to six 

days for the fruits to dry. Finish under cardboard 
as desci ibed. 

(7) Pack in tii.\s or jais with tightly closed mouths. 

(8) After two luoi'tlis look over the batch, pick out mouldy 

or maggoty bai'anas and e.vpose those of the same 
tin or jar for a diiy to the sun in a frame. 

Twenty to thirt)* moderate-sized bananas make one ixmnd of 
dried material. 

Nature and uses op the product. 

The material finally made by us is a most delicious sweet¬ 
meat eaten raw. It e^in be nuide into excellent jam. While one 
of us Was on leave in England, lu; received from the otlier two biscuit 
tins of dried liananas. The first Was packed on 26th March, 1919, 
and opened on. I2th May, 1919. The fruits were in. prfect condition 
and remained so althougli exposed to the air till 11th June, when 
they were cooked. The other was packed on 1st May, 1919, and 
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opened on 11th June, 1919, and rnade into jam. This was most 
heartily appreciated by all wJio tasted it. 

The dried material can be used h)r nviking up into various dishes, 
such as puddings or various Lidian preparations. 

' CONX'LU.SIOXS. 

Biinanas can lx* dried at other places Ilian Agashe, and all varie¬ 
ties that we have expriinented with can lie successfully dried. 

Sun heat is sufficient. 

Protection from du.st and insects is necessaiy, and some .sort of 
simple apparatus such as tJiat described by us is required. 

A good (X)lour can l)e obtained by using a, cardlKKird screen 
for the la.st tw<» days of (he dryip.g. 

The product .sluuild be stored in airtiglit tins or jars and 
examined jx'iiodically, thmwing aA\ay bad bananas anti drvii'g 
again those likely t<i laivo been infected. 

We have indicated tuily tJie sinqilest possible method of diving, 
one suitable to the most jirimitive conditions. T)<uil)tle.ss if there 
were an assured markt't, vacuum driers and modern scientific 
apparatus would be desirable. In (lie meantime all we wish to 
show is that by a very sinqile apjiaratus a valuable and easily 
stored food can be made from ti perishable fruit. 

After writing tlie above, tlie writtus’ attention was drawn 
to an article' describing exjieriments on the diying of lianiums 
in Jaraaicii. Tlio nwin conclusions of these exjx*riments of interest 
to India are:— 

(1) The sun-dried product is superior to the product arti¬ 

ficially dried in. a drying appamtus. 

(2) With a good supjily of .soiuid fruit at Id. per lb. and a 

selling price of 6rf. a lb. a profitable indiustr}' could 
be established in the West Indian islands. 

(3) Fruit mercliants in the United Kingdom valued the sun- 

dried barninas at Cd. jxtr lb. there w’holesale in July, 
1919. 

* Agricultural A tics, <i«iiUsn\heT 0, Itil'.*, p, 276. Article on “ A Dried Bitnana Industry," 
tmsigaod. 
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PS —On 28th August, 1919, a sample of bananas dried in the 
above manner was sent by us to the Chamber of Horticulture, 
London, for opinion. 

That botly sent on the sample to a firm of specialists in the 
banana trade who reported as fol'ows :— 

Elders and F>’fics, Limited. 

Head Office, 

Bow Street, 
London, W. C. 2. * 

Report on Dried Bananas received Jrom the Secretary, Chamber 

of Ilotiicallure. 

“ The till box contained four small parcels, two marked ‘ Black 
Colour’ and two marked ‘Red Colour.’ All four parcels are in 
perfectly good condition and sweet. An outstanding feature is 
the complete dryness of the fruit, in wliich it compares favourably 
with the Jamaican variety. All tJie fruit is of good flavour. 

“ The samples marked ‘ Red ’ are much brighter and more 
attractive in apjieaT’ance thaji those marked ‘Black,’ and the 
sample marked ‘ Red 1 ’ is tJie bt'st in every respect. 

“ During the jiast tliirty years meny attempts have been 
made to introduce dried bananas into tliis country, notably from 
the Canary Islands, but meeting witii jioor results the efforts have 
been short-lived.” 

“ During the war small consignments .vere imported here from 
Jamaica and sold readily owing to tlie scarcity of other dried fruits, 
but at the jircsent time, notwithstanding the continueil sliortage, 
the demand at rcmunerati'.u^ prices is negligible. 

“ It is difficult to speak liopefully of tlie prospects for the 
future as it is thouglit that in normal times the competition of 
other products of a similar character will be to the disadvantage 
of the industry. 

“ 14th November, 1919.” 



Packing seed sugarcanes for transport. 
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r. S. VENKATRAMAxX, R.A., 

Adhuj Goixi'iuiu'nt Suyan^tui' K.rjit’rt, Goimhalon’, 


IXTHODUCrioX. 

Experiments to ascoruun iIk* best nieiiiod of jtackit'g sugar- 
canes b»r tniiispn't, as seed, iuiv* Ih'Cu engagieg iho attcntioi' of 
the Cane Breeding Station, Coimbatore, from its very im-eptioii in tlie 
year 1912, as i1 wis early realized llial sueh transjiorts were bound 
to play a very im])ortan,t jiart in the future work of the station. 
Further, the requirements were soon fouj'.d to be of a varied eiiurac- 
ter, both as regards time occupied and mode of traj>.s})ort, wbether 
as parcel by rail or steamer, or a:) jiacket po.st. The need frequei-tly 
arises for sending out details of picking to would be eonsignons, 
and this note, ba.scd on tin' ex]>erience of tin' stiilmn. for tlie ])a.st. 
seven years, is written to give a wider jmblieity to ijie miu.hods 
employed, as I bey have jiroved surcossful. Tlie methorls described 
herein were evolved undei the guidance of Dr. C. X . Birbcr, ('. I. E., 
and Mr. K. TJionws, Hub-Assist ant at the Sugarcan,e Breeding .Station, 
gi'eatly heljred in. the details of the work. Two plates (Plates XI 
and XII) are appended to illustrate the methods dcsctilted in this 
note. 

Becau.se of the jx>.s.sibility of obtaiidng planting material even 
from immature chines, and the rapidity \villi which a single .sugarcane 
bud gives rise to shoots ultimately devi-lojiiug each into one (sane, 
it is unnea'ssary, except wlam ab.solutely requhed, to transport, a 
large number of canes as planting material fiom one place to aii(*ther. 
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PLATE Xf. 



PACKINC 01' Pi'K!) SUl’.ARCANLS R)K TKANSPORF. 

•<> foiir-loDt lenjilis ;ind ends dipped in paraffin for sliorl distance 

transfKirt. 

C'aiie pipfcs rut to jrnullis nf onr fool three in''hes. and treated ns deiaiicd in the 
text lor oversea eoiisiannienls. 

3. Tlie same after l)einjj wrapped round in eioih. 

4. f’addy twist as used in such eonsiipinienls. 

<). Bundle of canes lied round with padd>- twist and ready for being enclosed 
in gunny. (For short distance transport, j 

oversea postal packet read\' for forwarding. 

7. A tin case used for oversea packets. 

Note the labelling of individual pieces for oversea consignments and the manner in 
which the labels are attached to the canes. 
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Theoretically, it inay he asjiuiuecl that, in one year, a single bud is 
CJi|)abh‘ of giving rise, to about 100 buds in, the case of the thick 
cajies and 300 buds in the case of the in.digen.ous varieties. It, 
therefore, billows that, in a C(ni])le of years, one can hope to raise 
100 plai'.ts fron. (o'.e bud of a thick can.e and 30() jilants from that of 
a thin cane. Tlie aim kejit ij'. 'vknv was, tlierefore, more t,o transiiort 
a few buds in a healtiiy c(«'.dition tlian. to semi out a large* number 
whose vitality at the eml of the journ.ey was likel}' to be of a doubtful 
nature. 

(’eRTAIN main CONSinERATIONS. 

It was .soon re,ali/e(i that the three most im]>orfant considera¬ 
tions in the tmnsport of eanc* material for ])ackii>g were : - 

(1) Prolectioii of tie* cut ends, to provont evajxmition and 

the con.seipicnt diyii'g up of tin* nuitc'iial during 
transjKn’t. 

(2) Pr<»tcct ion of tlie bu<ls, l(» jirevoiu liieir nibiiing against 

one another (tr against oihoi cai'f surface during the 
journev, I'e.sulling in their lu'in.g roidered in.ea]»al)le 
of gerndnat i.iii .ii the <*i'd df it. 

(3) 'rreatmej.t i.f the material, lo [ireven.t entry of disease 

thiiiugh 'In* cut ends and, i.' |>o,ssible, to de.strov any 
di.sease that may already exist in it. 


Tilt; MATERIAL. 

The selection, of projier material i.^ an item t)f great iiup(»rtan.ce 
in the trausiKtrt of cane for seetl. The clump .seleeted htr (»blaiuing 
material front should be healtliv and ' igorous. Oeea.sionally, 
a clump whiclt, on the wiutle. is jroorly and .stunted, may show up a 
healthy cane or two ; l)tit it is better to avoid .such a, susj.ueious 
material. Tops of canes do not journey satisfactorily, while pieces 
obtained from “ l)utt.s,” e.speci:illy wlieii the etines are fully mature 
or overmature, not infrequeutlv contain buds which are holhiw 
and therefore incajtable ttf genuinatiom The appearance of such 
buds is often very decejttive and their reiil condition is often 
ascertainable only by exerting a certain amount of pressure on 
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them with the fore-finger. Generally, the middle portion of a cane, 
not overmature, yields the best material for transport. The ideal 
pieces for packing should possess buds, firm to the touch, not at all 
swollen or bursting and with no visible external injury, either in the 
biids or in the adjacent internodes. 

Before removal to the place of picking, the selected canes 
should have the leaves and tops removed in the field itself, as, 
otherwise, these by transpiration take off too much moisture from 
the canes. 

Treatment and packing for short-distance 

TRANSPORT BY RAIL OR STEAMER. 

At the packing .shed the canes are cut t<t fcmr feet lengths— 
or to any len.gth considered suitable for the pircel—and the fivshly 
cut ends dipped in piraflin wax kejit ready melted for the purpose.* 
This is done to jneveut tlie drying up of the canes durhig th(? journey 
by evaporation from the cut ends and to prevent tlie entry of disease 
through these ends. * The pieces belonging t<» the same variety are now 
bundled together, not too tightly, with some soft material between 
individual pieces. Loo.se paddy, ragi {Elensine coracana) or wheat 
straw or some fibrous material such as mxmi,gogu (Hibiscus cannahinus) 
or coconut fibre have Ixien found useful for the jiurpisi'. Li very dry 
weather this packing material receives a .sprinkling of water to prevent 
too much desiccation of the canes during transit. While bundling up, 
care should be taken to see that the coir, or other material used in 
binding, does not come into direct contact with'the cane pieces, 
especially the buds, as the slight movements which arc inevitable in 
the further processes of packing and actual tiansixirt. arc sufficient 
to destroy the buds. These individual varietal bundles are then 
labelled both inside and outside and all mated together into one 
parcel by being tied round tightly with paddy twist. This is then 
stitched round tightly with gunny, addressed, and is ready for 
despatch. 


• For this and similar other purposes mentioned in this note, while paraffin wax melting at 
ISS-IO'F. has been found suitable. The paraffin is placed in an iron or porcelain basin, sunk 
to below its mouth in a bucket of water and the water brought almost to the boil. This melts 
.'the paraffin in the basin and keeps it in this condition for some time. 




PACKING SEED SCGARCANES POB TRANSPORT ’ 17Y 

For railway transport it is advisable not to make the bundles 
too sinall, as they are then liable to be thrown in and out of 
railway carriages. These packages should be of such a size as to 
require rolluig over. Most railways now insist on the addresses 
being written directly on the gunny and the packages are safer 
thus. 

Buch tran.sports .'i-e gejieially between places where there 
is no risk of introducing a new pest from one locality to another, 
and, therefore, the material is not specially treated with insecticides 
or fmigicides. Care is, however, taken to see that the material 
is free from disease by a very careful examination both in the field 
and in the packijig shed. If the material to be transported consists 
of but a piece or two, these are best sent by parcel post, which, 
on occasions, is cheaper as well. Biich }:H>st parcels need a greater 
amount of |mcking between the individual pieces because of the 
greater liability to desiccation and handling in this form of transport. 
In the experience at the .station this method of jjacking has been 
founil to be adequate for journeys extending to periods up to at least 
a mojith. 

Treataient and packing por oversea 

CONSIGNMENTS.* 

In oversea consignments the conditions during transport are 
more strenuous and a more elaborate method of packing than that 
described above is required. 

Large-sized boxes are unsuitable because of (1) heavier trans¬ 
port cJuirges, (2) slowness of the journey, and (3) greater liability 
to danyige in transit unless vcjy expensively packed. Small-sized 
tin cases, 18"x4"x4", with the lids made like that of a pill-box, 
ajul forwarded by jx)st, liave been found the most suitable. If 
these are cjirefully japaiuied both inside and outside to prevent 
rusting, and strengthened with bits of iron rod placed along 
lines of greatest strain, these may be used over again at least 
twice. 

• A description of the method as adopted in the West Indies is to be found in the 
Agricultural Journal oj India, IX, 4, p. 3y2. 
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la such consigiuneuts which are generally over long distances 
often separated by seas, the transported material requires treatment 
to prevent the unwary introduction of diseases from one locality to 
another. Besides the very rigorous examiimtion in the field and 
in, the packing shed, the cane pieces are pickled from lialf to 
three-quarters of an hour in a 4 per cent, solution of copper sulphate 
or Bordeaux mixture of similar strength. After removal from the 
solution, the ends are wiped clean, allowed slightly to dry, and 
then dipped in melted piraffin wax. 

For oversea consignments the picking material requires to be 
softer and finer, and well-sifted claircosil dust—^copied from West 
Indies practice—lias been found satisfacfor}’. An, additional pro¬ 
tection is given to the can.es ])y vTappii’g them individually in bits 
of thin cloth, i^uch journeys (»ften extend to two monf hs --tluring 
the war it occasionally used to take even, three months - and s(» 
a certain amount of moisture is provided in the packing material 
to prevent drying of the Ciines during the voiage. Tiie most 
satisfactory proportion lias lieen found t(» lx*, as mu<.-h weiglit of dry 
charcoal as weight of canes to be packed, and luilf its weight of 
water to be added to the dry charcoal jKiwder. A series of elalxmvte 
exiieriments, involving the picking of si.xty tii’.s, with different 
materials for pickling, jiacking anil wrapjai-g the canes and with 
varj'ing quantities of water adiled to the jiacking material, has 
shown— 

(а) that charcoal powder may lie .substituteil by " teak 

saw-dust ” without any disadvantage ; 

(б) that Avood .sliaving.s—'the packing material received v'ith 

Europe stores—may be substituted for cliarcoal with 
advantage; with this packing, the parcels are lighter 
and the buds travel better ; and, 

(c) that formalin of varying strengths as pickling solution and 
tissue paper as wrapping material are unsatisfactory. 

The tin cases are now Avrapped in brown paper or newspaper— 
just a layer or two—stitched tigUly round in white cotton cloth and 
addressed. A duplicate addressed label, treated with paraffin, is 
enclosed inside the cloth packing and is sufficiently visible thror^ 
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the cloth to enable the package to be directed, should the addressing 
on the outside become indistinct during the journey. 

LaBELLIWQ cane material intended for TRANSPORT. 

This most important item is occasionally not done with suffi¬ 
cient care. One cannot lay too much stress on its importance, as 
bad labelling may inv(»lvc th<i complete destiuction of the whole 
material, at the end of the journey, as unreliable for accurate work, 
or, what is worse, introduce serious errors in naming. 

For short-distance tiansport it has been found a good plan to 
write the labels clejvrly in pencil or ink, dip them in melted paraffin, 
and fasten to the pieces with strings similarly jmraffined. This 
treatment makes them proof against ii’.juiy through moisture or 
dirt during the voyage. Should they get soiled however, all that 
is required is t(» wash tluun in. water, to make them appear as bright 
as before. Such IuIh'Is should be fastened adpressed to the canes 
and not allowed to luuig from them, as in, the latter case they are 
liable to be torn or otherwise mutilated in the subsequent handling of 
them. Every individiuil varietal bundle should possess two such 
labels— one. inside am' fastei’.ed to one of the can.e pieces, and the 
other outside attached to the bmidle. 

For oversea consignments the usual practice is to use a 
tin or zinc kbel punched witli the name or number of the cane and 
attach it directly to the canc with a ])iecc of wiling. This is satisfac¬ 
tory, but experiments conducted at the station have shown 
that the paraffinetl labels described above serve equally well and 
possess the folloiving advantages besides :— 

(1) They are cheaper and neater. The metallic ones are 

often, not easily decipherable at the end of the journey 
on account of rust except after careful washing. 

(2) Because of their greater pliability, they are easier attached 

to the canes and less liable to injure the cane surfaces 
or the buds. 

(3) These are not liable to lust as the metallic labels or the 

wiring, a common source of trouble in such consign¬ 
ments. Such labels, whether of metal or paraffined 
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paper, are best placed inside the cloth wrapper and 
next to the canes. In the case of oversea consign¬ 
ments it is important that every piece should be 
individually labelled. 

For some time past the idea lias been steadily gaining ground 
that in the transport of cane material for planting the internodal 
portions are unnecessary, and experiments are mider weigh to further 
simplify the oversea packing by including only the nodes. 



SWARMING CATERPILLARS OP NORTHERN 

GUJARAT. 


BY 

T. N. JHAVEBT, L.Ao., 

Assistant Entomologist, Northern Division. Bombay. 

In tlio early pirt of the monsoon of 1919, after the long and 
almost unprecedented drought which had resulted in the famine of 
1918-19, tne people Were alarmed to find tliat their crops were 
attacked by swarms o*’ small dark brown caterpillars, which appeared 
likely to do a very great deal of damage. These pests attacked the 
early sown crops of maize, l>ajri {Pennisetum typhoideum), kodra 
{Pastpalum. scwbiculatum). and chillies, while rice seedlings and 
grass on the higher lands were also much damaged. They seem 
to be confined to the ])arts of Gujarat w'here a light (goradn) soil 
occurs, but m these n gions they were found in Surat, m Kaira, 
in the Panch Mahals, and in Baroda. 

The pests, though not unknown previously, had never occurred 
in anything like the abundance in which they w'ere found in the 
present year. The first sign was usually a certain amount of 
destruction of the leaves of the crop. Sometimes on an examination 
of the leaves at this stage a group of small brown caterpillars was 
found : sometimes f he caterpillars were larger, coloured a velvety 
black or grey browm with stripes of dark and yellowish grey on the 
back and sides, with black spots. In the case of the cereal crops 
above named, at this stage they were often found in the funnel 
composed of the leaf-sheaths round the central shoot of the plant. 
When examined the pests revealed themselves as two well-known 
swarming caterpillars, Prodenia litura and Cirphis loreyi, recognized 
as most serious pests of crops in many parts of the tropical world. 

( 181 ) 
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The source of the exceptional attack in 1919 was probably 
the absence of rain for a very long period. The re,terpillars 
pupate in the ground, chiefly in tlie higher land, at a depth of two 
to three inches. The pupa is unprotected by a cocoon, and simply 
is enclosed in a small chamber of earth. Under conditions of 
normal moisture, it remains in this condition from one to six weeks, 
but with the exceptional drouglit it is quite jwssible that the pup® 
may have remained much longer than this time. At any rate 
the first mins of the second week in June were followd by a very 
large emergenct^ of moths w'hicli laid eggs on imny plants, but 
particularly on the early sown crops and on the gra.sses w'hich wore 
just springing up. As each female moth w<is found to lay about 
five hundred eggs, in several masses, along a leaf, and as these 
eggs hatch in alxnit four days, it will Ik‘ easily s<‘en tlyit. by the 
end of June the small caterpillars w'ere spreading over all the suitable 
crops growing at that time. As the eater])ilLirs grew older, they 
were found feeding es})ecially in the early morning, evening, and 
at night. During the liot jmrt of the day they were cliiefly liiding 
in the soil or concealed at the lxi.se of the leaves of the plant 
attacked. 

Most of the caterpillars wliich apprsired at the end of June 
disappeared in the thinl wwk of July. TJiose which had Ix'Come full 
grown retired to jmjxite in the .soil ; others were ver}' nuieh jxinisit- 
ized by tachinid fly jmrasites. These latter jwrasites Were foiu'd as 
small ma^ots on the viscera of the caterpillars, w'liile their eggs 
were noticed also on the surface of the wums. At'tliis time, too, 
there was a good deal of heavy rain, and on examining the soil 
of the higher lands, a good many (in fact, by far the maj(mty) of 
the pup® discovered were found to be in a deannposing state, 
probably as a result of the w'ct comlitions in which they found 
themselves. 

Partly, therefore, as a result of the jxirasites wliich liad appeared, 
and partly on accmuit of the seasonable rain, the mucli dreaded 
second brood, which should have appeared early in August, never 
came out in any serious numbers, and the alarm which had prevailed 
widely in the early part of July gradually disappeared. The 
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observatioas wbicli were nuidc in connection with this attack, 
howevei, letid to a number of methods which will, if widely practised, 
probably prevent the attack of these caterpillars being serious 
another year. 

The first of these preventive measures is to have the land 
ploughed up before the rains eome, or still better as soon as tKe 
previous crop is harvesi.ed. By this means the pupee which will 
certainly be in the ground will be turned up, and either dried out 
by exposure to the sun, o: devoured by insectivorous birds. In 
this connection it a])])ears especially import,ant to jdougli up the 
high lands, and the strij)s of grass so often found Ixstween fields. 
The ploughing up of these latter once every two or tlyee years 
will assist a good deal in controllij’g several inseet pests of the 
crops. 

The moths, at least of Clrphis loreyi, are, moreover, easily 
attracted to light, ai'd if the fields are provided either with a number 
of lamps each standing in a tray of kerosine and water, or with a 
few fires made of dry brushwood for a few days after the first rain and 
the consequent emergence of the moths, a very large number will be 
destroyed before they have Irad the chance to lay eggs. 

Again, a good deal may l)e done by delaying, for a few days, 
the sowmg of the crops. It is a frequent practice to sow crops 
as soon after the first rain as possible. This was done very largely 
in 1919, and the crops so j)lanted were those most attacked. The 
crops planted a fortnight Ijiter, the time between having been used 
for ploughing, harrowijig, and otherwise preparing the fields, were 
liardly attacked at all. This is in accordance with what is known 
of the life-history of the insect, and would jwobably apply equally 
in another year. 

If these precautioi'.s l)e widely taken, little else will be needed, 
though the employment of children to collect and bum the leaves, 
on which the very prominent egg masses have been laid, might 
pay in special cases. The same children might also collect leaves 
on which the gregarious swarms of the very young caterpillars are 
feeding. It might also be worth while, in the case of seed beds or 
fields of valuable crops, to put a trench round the bed or field, in 
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which green staff or grass can Iw put in the evening. The large 
caterpillars sheltering in it can be destroyed on the following 
morning. 

While the peats liere discu&sod do not seem in any sense to 
be pests of the first im}x>rtance, the widespread alarm and damage 
^^•hich tliey caused in (hijarat in the present year would s(*em to 
justify attention l)eing called to them and indications Inung given 
of how a similar attack Gin l)e prevented or dealt witli in future 
years. 





THE GROWTH OF SUGARCANE.* 


BY 

C. A. BARBER. C.I.E., So.D., F.L.8. 

I. 

It is proposed, in tlie present and succeeding articles, to discuss 
certain points connected witlx the growth of the sugarcane. The 
average planter has httle time to conduct researches on plant growth 
in the field, and, naturally, leaves these to the officers attached to 
the experiment stations. But these researches are often expounded 
in highly teclmical language, assuming a thorough knowledge of 
plant morphology and physiology. It is also too often forgotten 
that they have been conducted under one great disadvantage, for 
the conditions in the small experimental plots, with their iixtensive 
cultivation, are very diflerent, in most cases, from those in the 
large cane fields. All laboratory results have, therefore, to be 
checked, that is worked over figain, in the field conditions, and it is 
of great iraportaixce that they should be expressed in as simple and 
attractive terms as possible But, independently of this, there are 
many directions in which the planter can quite easily make observa¬ 
tions and carry out experiments of his own for the improvement 
of the crop, instead of blindly following local custom in all its details. 
The chemist has shown that the manurial requirements of the cane 
vary with .the soil, its treatment, the climate, and the variety 
planted ; and it is probable that there are other sides of field practice 

* Reprinted from Tht Inttmational Sugar Joumai, October 1919. 
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whioh diould also be modified according to variation in these condi¬ 
tions. Even on adjoining estates small differences occur, and it is 
only the man on the spot who is aware of these. But to reap the 
full advantage of such work requires a fairly thorough knowledge 
of what goes on in the cane field, and how the cane set, planted 
in the ground, increasing a hundredfold, gives rise to the groat 
mass of canes which are cut ut harvest time. It is for the agricul¬ 
turist, then, that these articles are writt<*u. Tiiey will not Iw 
loaded with technicalities, ajid their \xltimate object will be to 
indicate ux what direction observations and experiments can Ixe 
made in the field, so as to produce healthier plants and a gr<>aler 
crop of ripe canes at crop time. 

Tlie parts of the sugarcane above ground, the stalks, leaves, 
shoots, and flowers, have received ii great amount of sittentioi', 
and many interesting facts havo Ix'en not'il in the fudds. But, 
once the cane set is planted, little is to be found in current literature 
as to what changes take place before the cane shcK)ts aj)pear alxive 
groxmd. It will be fairly obvious that the nintxber of shoots enxerg- 
iug and the vigour of their growtlx will dep(*nd, in the first ixxstai ce, 
on the developmeixt going on in the soil. Here the foundation is 
laid for the future plaxxt, and the producf.ion of a gocnl crop of caiu's 
is dependent on the propt-r treat.nxeut of this foundxition. The 
length and thickness of the individual canes, the even rijH'xdng of the 
crop, the tillering power of the A’.'iriety ]>lanted and the total yield 
of canes and sugar at harvest, are all decid<‘d in this subterranean 
laboratory. 

As is Well known, the sugarcane is always jxlanted iix the field 
from sets, pieces of the mature caiw; with three or four buds, or the 
“tops,” immature joints with a greater xaxmber of less developed 
buds. Each of these buds is itseh capable of producing a full- 
grown plant, and the reason for planting sf^veral of them together 
is to ensure an absence of blanks, which are such a serious drawback 
to any field crop. For a study of the development of. these buds, 
it win be convenient, for our purpose, to consider the growth of the 
cane plant from'the actual seed. The stages are the same in both 
oases, but the growth from the seed is much slower, and we can better 




PLATE Xlll. 



Fig. 1. Vertical section through a s'lgarc.iiic l ig 2. tlirough one conmiencing to germin ilc. 

Figs. 3—7. Germinating cane scedliiig.s, ihrei-lmir <Li\s old, hg. 8, an ohh r stage showing the 
two rows of leaves on the stem. 

Fig. 9. A four months old seedling willi its liiineh of leaves and rna.ss of roots; at the side the 
same bunch has been dissected out to .show that the leaves are really, as in Fig. 8. all in one plane. 

Fig. 10 A germinating set, sh iwing the root developm'oit from its root-eyes. 

Fig. 11. A later stage with two thick roots from the joints of the young plant. 

Fig. 12. A cane plant 50 days old, .still attached to its set 
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leam tTlP in which the strength ancl vigour of the plant are 
built up an<< the way in which the branches are formed,- by following 
the stages of grow^i in a seedling cane. The seed of the sugarcane 
is excessively sm.-,l!, and many of the “arrows ” or “plumes,’' so 
delicate and beaut ilul in the fields, c(,;itain numbers of seeds hidden 
away among minute, cliafFy seal's, riie arrow of the cane is thus,' 
in essentials, similar to an • .o- of coni, although few people would 
imagine that tb.esc were anylhing but a mass of feathery grass 
flowei's. The avr-rag? cane s(‘od IT) mm. long and 0‘5 mm. broad. 
It is somewhat of an anomaly thaf, while +hese are among the smallest 
of grass s(ieds, the full groWji ])laut is such a giant among them, for 
the cane ])lant is nothing but a huge grass. A series of germinating 
cane seeds (giv'atly eiilarge(p liave ])e»m drawn on the accompanying 
plate (Plate XTTI, figs. 1-7). Anyone acquainted with the germination 
of wheat or bai'l'y grains will at once recognize that the parts are 
practically ideidie-al. But the amount of nutriment in such a small 
seed must, of ?iecessit}', be extremely limifed, and therefore the 
vitality of ca.!i.e seeds is not. great. They quickly dry up aiul perish— 
a fact which is no doubt respmsible for tlie com])aratively recent 
discovery tJiat tlu' sugarcane produw's fc'iiil' seed at all. 

The mature ea.ne e(>usists of a seri('.s of j(mds, (‘ach of which has 
three essi'utial features in iis kovi'r jrart, a leal, a bud immediately 
above it and a narrow ring of t issue cov(‘red by small dots or root- 
eyes. The leaves and ]>uds are ])laced on the cane stem alternately, 
right and h'ft, in one ])lan.e, acconntijg for the fact that the terminal 
tiift is so often sluq)ed like a fail. This arrangc'iuent is seen in the 
young cane seedling from the start (riat(> XTIT, fig. 8). The joints are 
extremely short at first and as :hcre is not room for t iie leaves to develop 
and expand in the sanv* i)iaue, they a])pcar af fhe surface of the ground 
in a biuich, evenly distribiilcd round the stem. But a careful 
dissection shows (Plate XIII, fig. 0) tlu'ir true arrangemeixt, and that 
they are in two vertical rows on opposite sides of the stt'm, just as in 
the mature can(\ 'Ilie. leavc-s grow much mor(> ra])idly than the stem, 
so that the first part of the ])lan,t apjxuiring above giwuid is a number 
of leaf tips, the stems not emerging until their leaves are three or 
four feet^long. The first joints of the future cane may, soon 
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after this stage, lie detected lietweeii the leaves at the base of the 

plant. 

But tills description only accounts for a single cane shoot. 
At a very earl}’ stiigi', tlie iniinif-e buds above the individual leaves, 
thatjis to say, in their “ axils,” also start growing out, and form 
shoots in all respects similar to the parent stem. They, like\N'i8e, 
have their parts arranged in one plane, and here again a struggle 
for space caiuse.s the leaves to jnish one another iisiile, and bimchcR 
of leaves appt*ar above ground. We thus get a further comjilication 
in the arrangi'ment of the part.s of the growing jdant; but we know 
from our dis-sections that all the leave.s and stems of our branching 
cane plant could, tlieonuically. lx* pre.s.sed Hat in one plane, as on a 
piece of pajKW. The way in which this re<listribution of space is 
brought about ne«>d not detain u.s here, but there is, obviously, a 
good deal of torsion and twisting going on underground, lM>f(*re each 
organ is able to tind its jilace in the air and light ; and. in the jmK-ess. 
many fail to do .so and ur<‘ stpieezed out of exi.stenee. 

There are, its in all gras-sos, two ])eriods of growth in tiie sugar¬ 
cane. The first of these {as far as the stems are eonci-rned) is 
underground, where branehing takes jilace, the s<‘Cond when fhes<‘ 
bnuiches are pushed into the air and rapidly ji.NSume the f(»rm of 
separate eane.s. But the siKTess witii whh'h the latter action is 
carried out dejx'iuls entirely on that of the jirevioiis ujalergrouisl 
preparation. Tliis. tlitu. i.s, for our jairpose, the mon‘ im}iortant 
porioil of growth, for the W(.»rk <l<»ne then regulates the tillering 
capacity of the wiiole jilant and the number of canes jinKiuml. 
Each branch of the main shun, termed a branch oi the first order, 
soon gives rise to branches of tlie .second order, still in the same 
plane, and the whole complex kaxmies more an<l more, intricah* 
and difficult to di.s.sect out, .so tws h) show the true relations and 
positions of the varions membens. We nltimatt'ly see a considerable 
bunch of canes, and the numlxT depmids largely on the sjMice 
available, that is, the nearness of the organs to one another and of 
each plant to ite neighbours. 

Now all this branching takes place underground in the first 
period of growth'and it abruptly cetises as a stem emerges from the 
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soil. Wf; only know, fioio an observation in the field, that the 
plant has germinated and is gvowh'.g by the protrusion of its leaves. 
K we lift up a plant and wash away the clinging earth we see nothing 
but a mass of rocts. All ef thc.se 1 iive ari.sen from the outgrowth 
of tlic root-eye.s, and each leaf has a considerable number devoted 
to its use. Tlie early protnisio'). of the leaves is a fundamental* 
necessity of the plan.t, becanst, vhile tb.e roots obtain, salt and water 
from the soil, tiie leaves have, if aiiything, a more important part 
to play in the feedin.g of tlu^ young plan.t. It is mainly through 
them that tlr.e carbonic acid gas of the air is decomposed in the 
presence of sunlight, and the carbon of the jdan.t obtained. It is, 
perha])s, needles-s to ]X)int out tliat. in sugar, the final product 
of the plant’s activity, carbon, holds a predomii’ai'.t position. The 
amount of stort'd food mat<n-ial in the seed (or .set, if grown from 
cuttin.gs) is small, aiul it is of the fli-st. imirortance that the leaves 
formed by its help .should emerge as early as possitrle so rxs to be in 
a position to product' mort* ft)od, for (udv thus is the material ren¬ 
dered available for the rapid formati(.»n of the roots at the bases 
of the leaves. In. the gen.eral growth of the plai't the water and 
salts provided by the roots an' combined with tire carbon of the air 
to form the tis.sues of tic' rajtidly succeedii'g organs. 

L(‘t us now ])a.s.s oji to the ])lan.tt'd set. 'I’here is a good deal 
of water and other nutriment in tlc' joiids of the jriece of buried 
cane. But this cannot ])e. fully utilized by the buds until an abun¬ 
dant flow is available, both to a.ssist in the chemical charrges and to 
wash the dissolved fot)d into the expuj'.ding shoot. For this reason 
the first stage of develoinirent here is tiu* protrusion of the root- 
eyes found in the rings of tissue adjoiidj'g tin' buds. And these 
root-eyes of the set at once respond t.o tin* heavy irrigation rrsual 
in planting the sets. A mas.s of roots is thus f(jrmed which, it may 
be noted, beijig given off by the set abo^'e, form no part of the new 
plants produced fronr the germinating buds (Plate XIII, figs. 10-11). 
As soon as joints and leaves are developed in the bud, new ro’w's of larger 
and more i)ermanent roots grow out., and the old wiry’ roots of the 
planted set beconic eflete (Plate XIll, tigs. 11-12) and with the joiitts 
bearing them die and gradually decompose. Each plant arising from 
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a single bud soon becomes indepiuideut and separates itself from the 
parent set. The development of th(' shooting bud is, in fact, exactly 
similar non* to the germ bi the seed, but it is much more rapid. 
The plant produced from a .set iji two montlis fi-om j)lauting is akmt 
equal in height to a six moutlis’ seedling and is growing much more 
rapidly. The young stem of a germii atutg seed has but the thick¬ 
ness of a line needh, and many joints mu.st lx* formed, each thicker 
than its predecessor, bt'fore it Itecomes of ajqaeciable size. A 
considerable amount of energy is useil iij> in this increase in diameter, 
and a vertical seeiion through a .se('dlii'g stem lias the form of an 
inverted cone witli a shaip a]>ex (l.‘lale XIII. fig. !»). The binl on a set 
has enfolded, within its (Miter waleipntof si’ales. a whole set of minute 
leaves with jihnts betwetm them, all complotelv modelled and 
merely waiting for tlie flow of dissoKcd tood to ^well out ; and tie' 
thickness of the stem at the ba.v is .Muiu'wiiere near that of a lead 
pencil. There is still some mea.sure of thiekne.ss to be attained, 
but, with the more lulvanced .stage of the leaves and the .send-(»(T 
of the roots of the .set, tiiis takes very much le.ss tim<-. The cone of 
section of the stem lias a very lilunt ajx'X. 

Each bud of the set jiroduees an indejiendent jilant. The 
bunch of canes in the Ihdd, which a]»]»ear to form a single bush, in 
reality consists of several plants closely intertwined, the individual 
members of which are ei'gaged in a, .strenuous .struggle for .sjiace for 
their roots in the soil and for tlu'ir leaves and liran.ehes in the air. 
As many memliers are unsuci/essful in their struggle, the ])ase of a 
cane plant is full ol dead .sterns, leaves and huds, and the que.stion 
naturally arises as to whether this niode of jdaidiug is an econo¬ 
mical arrangement, .Much of tlie stien.gth of the ]»lant is undoubt¬ 
edly wasted in the j»roduction <»f organs which cannot fullil tlieir 
destiny, and an (‘normoiis nnmher of canes of all ages liabitually 
die before they are fully deve](»ped. (hie wifter advocates the. 
planting of .single-bud sets, but we .shall return to this suliject on a 
future occasion, merely siigge.sfing tjia.1. ih(' iioint is one in which 
expermienl.s in the fit'ld are to be desired. 
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TUCTIMAN KXi’HKIMENT STATION HAS BONE * 
TllK Ai:OEi\riNE SUCAR INDUSTRY* 


BY 

ARTHUR 11. ROSENFELI), 

Field Manager, " Ingenio Santa Ana," Tucumdn, Argentina. 

Tui'i Tucinn;ui Ex]»crimc)iit St.'ition was e.stal)li,s]i('(l by law 
ill 1007 ])}’ a in'tiv, thiiii iisiialJy prof^i'c'ssivo GovorjunoiR', iu OKler to 
study tJie {■iius(‘S of tlu' cojistuntly fuiling-off yiedds of cane in Tiicu- 
iniui cane fndds. At tlie tiiiK' of tlie law being passed it bad been 
evident for s(‘V(‘ral years tluit flic cam' was sufTering eitlier from 
sonu' disO'nct disease or from a gc'iu'ral degeneration—a phenomenon 
wiiicli Inwl already oc'aiiTed. in seveivd conntries where this ty^ of 
cane, (('iieriboji) was la'fore maiidy cul(i^’ated. Tlie work of the new 
station, due to the nec('ssity (»f lindiiig comyU'nt personnel for work 
uinkr (he peculiar eonditiiais (»f Tuciiuian—eondi(i(»ns most closely 
a.])])i-oxiiuat('d by those of Louisiana—iui,d of obtaining proper 
apparatus and s(‘curing siiiiicient data with which to begin serious 
inv(‘stigational Work, was started only in UlO. Experiments were 
begun along niinu'rous lines of investigation, looking towards the 
improveiiu'nt of tlu* actual na'thods of cultivation a.s well as towards 
lowering its cost by tin' introduction of modern machinery with which 
to substitute the usi> of the exp'usive, though efficient, plough 
and spade work so much in vogiu' in this coimtiy. Irrigation and 
drainage iuvi'stigations were also begun, and have given nuuiy 
valuable data. In a pa,p('r of tins sort, iiowever, it is impossible 
to discuss at any length tin' detailed cxjierinn'nts which have led 
to the iinprovonient of the cultural methods of the province of 


' KepriiiteU from Tht htUnMliomi Sugar Journal, October 1919. 
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TuouioAn, so I shall, perforce, limit myself to the most striking 
and effective results which have by themselves levolutioniaed the 
indastiy of the province. 

It was early seen that the i>ative canes of the province were 
indeed suffering from a degeneration similai to that which had 
wiped out the same class of cane in several couiitries, rotebfy Java, 
to give but one example. This degeneration manifested itself more 
and more clearly in the years 1910, 1911, aiid 1912, the exoep- 
tionalfy favourable climatic conditions of 1913 and 1914 dissipatir g 
to some extent the fears of Tucunuln planters by once more present¬ 
ing fair agricultural yields and splendid ii'dustrial recoveries. 
These yields, however, while comparatively good as far as comparison 
with recent years was concerned, demonstrated all the more cl<-arly 
to us at the Experiment Station that the cai'.e was really under¬ 
going a process of physiological degeneration, else the yields under 
the exceptionally favourable conditions of those years should 
have been doubled in the field. These opinions and forebotliii^ 
were justified when the unprecedentedly favourable seasons of 1913 
and 1914 \rere succeeded by the record-breaking nnjavouralle 
years of 1916, 1916, 1917, and 1918, when Tucumiln produced, 
instead of the 263,000 tons of sugar of 1914, considerably less than 
half of that amount in 1916, and less than 60,000 tons in 1916 and 
again in 1917. In 1918, although conditions were far worse than in 
any other year known, the effect of the new canes, of which we are 
now going to speak, had begun to be notably felt, the yield for that 
year being about double that of either of the two preceding ones. 
Indeed, had it not been for these canes in the crop of 1917 very 
little sugar would have been made even then, as the area of the 
native cane had been cut almost in half by 1916, and not more than 
10 per cent, of what remained was worth while cultivating for 1917. 
The small amount of creole cane which is to-day cultivated in the 
province of Tucuman is attended to more on serUinmtal than on 
financial grounds. . 

, Now let us see how this remarkable emergency has been met, 
and if the loss of the staple cane of the province is going to mean the 
sltandonment of the industry, as at one time appeared to be the case* 



ST7<S^Ai( iil 

It vtaa immediately seen that all measures of improved cultivation 
and more effidient control of water, both for irrigation and drainage, 
would be well nigh useless unless the basis of the actual cane planta¬ 
tions could be changed by obtaining another variety of cane which, 
under the most difficult conditions of the TuQumAn climate, would 
give more abimdaixt yields tiian the native canes. * 

In 1910, some 126 varieties of cane were imported for trial 
under Tucuman conditions, directly from the Louisiana Experiment 
Station at Audabon Park, New Orleans, by the first Director of the 
TucumAn Station, Mr. R. E. Blouin, who had formerly been Director 
of the Louisiana Station. These eanes represeixted varieties from 
almost all the well-known cane countries which were then being 
experimented with in. Louisiana. In the same year, some 76 addi¬ 
tional varieties were obtained from the Experiment Station in 
Campinas, Brazil, and we wore fortunate enough to find already 
in the province six varieties which had been produced from seed in 
Java at the time that the famous SereJi disease had menaced the 
complete destruction of the Javanese caiiofields. These varieties 
had been imported in 19(X8, as a result of the law creating the Experi¬ 
ment Station, by the thexx Governor, Luis F. Nougues, one of the 
most progressive and far-seeu'g officials thiit Tucumin has ever 
had. Since 1910 some 15 or 20 of the more promising new varieties 
from different coxmtries have been introduced each year and placed 
under experimentation, maixy of them giving us far superior results 
to those of the native canes. It was, however, from four of the six 
Java seedlings that I have just mentioned that we obtained the 
canes which have since practically supplanted the native and all 
other canes in Tucuman, and it is to these four varieties that I shall 
confine my remaining remarks. 

In judging the new cancs we had to seek the following points 
of superiority in. comparison with the old ones :—(1) Greater tonnage, 
with (2) juices containing a higher percentage of crystallizable 
sugar. (3) Greater resistance to attacks of insects and ciyptogamic 
duease. (4) Ability to stand lower temperature than the native 
canes. (6) The furnishing of more and better fuel in the dxape of 
I or fibre left after extraction of the juice of the cane. The 
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crop of 1911 showed up five of the Java canes, J. 36, J. 100, J. 139, 
J. 213, and J. 234, to be remarkably promising, althougli the J. 100 
was left out of the race from the second year on tuid need not be 
considered more here, except that it stands as an example of the 
danger of jumping at auxclusions from the results of one year of 
experiments uixder climatic conditions of but that one year. Several 
prominent cane men of the province were vei^' much enthused with 
this cane, which is the largest mid Ixst appearing of all of them 
when well developed, and insisted on multiplying it on their planta¬ 
tions for two or three years, only to have to remove it at a consider¬ 
able expense when it became affected with an even more vigorous 
degeneration, if the tovin vi</woits may l)e employed in this connexion, 
than tliat from which the creole cane was suffering. In tliis first 
year the sujx'riority of tlie Java caj’.es was a])j>arent monvui the 
apiK'arance mid luxuriousness of growth than ui. aettial j'ields, 
although J. 36 mid J. 139 gave about 10 jier cent, l^dter yields 
than the natii'c canes mal J. 213 and J. 234, notably the latter, 
gave Ijetter chemical anah'ses of the juici's. 'flu* conduct of these 
canes during crop also seemed to indicate superior resistance to 
frost attack. 

In the crop of 1912, as first year ratoons, the four canes from 
Java more than doubled the yield per hectare obtained from tlie 
native canes under equal conditions, J. 213 giving ninet\‘ tons of cane 
and seven tons of sugar pi'r hectare, agaii'..st a little over 30 tons 
of cane and two and one-half tons of sugar for the best native yield. 
The J. 36 mid the J. 139 eacli gave between 75 and 80 tons of can.c 
per liectare, while the J. 234, priKlucirg about sixty kms of cane per 
hectare, had such a good sugar content in tlie juice that the sugar 
produced worked out at considerably more than twice that produced 
by native canes. 

lliese strikbig results the second year, while not covering a 
sufficient range of climatic conditions to warrant us in recommending 
the cmies mireservedly to the plmiters, did cause us to immediately 
start large-scale substation experiments near various factories, in 
order to obtain data under the varying conditions of the province, 
and, also, to be multiplying these promising canes in case time should 
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verify tbeir value. It may be mcutioiied liere that all the substation 
results in the folloving years confinned the increasmgly satisfactory 
results at the Ceutj al Station, and that we were thus enabled to 
multiply these ecues to a consiileralJe acrefige by the time we 
wore able definitely aiul unreservedly to recommend them. 

The croj) of 1912 also serv -d definitely to establish the existeifce 
of superior frost-resisting (pialities in these promising canes, which 
may be more of a jfiiysical Hum iJiysiological 2>hei'.omenon after 
all, due to their thick giowtli and heavy covering of lea\'es. We 
were also aide to establish their ii'.croasc d resistan.ce to tlie moth 
borer {Diulnva sacchcmdis var. ohliUrelluff), due to the hartlness 
of the rind as a result of its ii’.cn'ased fibre conten.t. 'Jhis ij.creased 
fibre coji.tent sigiiifu's, also, sujic'iioiify in an.other of tlie five heads 
whieit we, are inv'estigal ii>.g, tiiat of furnishing more fuel in the sliape 
of bagasse, since these canes all Jiave from 20 to 30 per cent, more 
fibre content than tlu* native cajies. 

A juomisijig solution of the variety ju-oblem seenu'd Well tm 
the Way tmd the s^fieovliel croj) years of 1913 and 1914, wJiite dimiiiish- 
ing interest on the 2 )arl of the ^huiters iji tiicse I'.ew caj'.es, s<‘rved all 
the more to confirm tJudr value ajid j)ermitted us to increase the 
jdantings iji the stnifegie, 2 )arts of the ju’oxhicc witJjout having to 
supply the eaiuvs in large Cjuajitities to tJie idantei's btjore ive were 
absolutely sure oj our yround, a nmst jaccessary caution in Ex2)eriment 
Station Work, as jnemature recommi'mlations oftcji work seiious 
evils and weakeJi the faith of Hie agj-icultiuists in the A-ery ii-.stitu- 
tions to which they sJiould accustom lliemseh t s to turji. for assistance 
and aelvice. In tln'se sihuuliil years, 1913 aid 1914, wJiiie fairly 
satisfactory yields were obtahwel from tiie native cancs, i.e., as 
compai'ctl with yiekls in tlu* i^ast decaite, but seldom jiassing luider 
the very best of condifiotis 3u tons of cane and sometimes hss than 
three tons of sugar 2 )t‘r hectare, 'phenomenal yiekls were obtahied 
from the Java canes, the J. 213 produeijig in 1913 over 100 tom of 
cane and 11 tom of sugar per hectare, while the J. 30 2 >ersistentiy 
maintained yields above 70 tons of cane and seven tons of sugar’. 
The J. 234 only about doubled the native yield of cane, but due to its 
superior chemical composition, consistently produced two and-a-half 
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tim«j as much sugar per hectare. The J. 139 demonstrated itself 
again to be a late maturer but an extremely heavy yielder in the 
field, in this respect passing the J. 234. 

In 1915 the climatic conditions were very unfavourable, and 
the native cane showed quickly that it had not, as many Tucum^n 
planters had fondly persuaded themselves, regained its pristine 
vigour. The 1915 crop was considerably less thaii. one-half that 
of the 1914 one, the yield per hectare being just a little over 60 
per cent, that of 1914, but the chemical analysis, due to the early 
frosts, was very inferior. Nevertheless, not one of the four Java- 
varieties under discussion gave us less than fifty ton.s per hectare, 
the J. 213, even under the unfavourable conditions of 1915, again 
passing the 80 ton mark. 

A number of people in Tucuman, who liad the previous year 
bemoaned the fact that high ocean freights caused by the movements 
of the German raiders on this coast at that time luul prevented 
considerably larger exports of our surplus sugars to the Euroi)ean 
nations in order to clear the way for the huge crop which was to Imj 
made in 1915, now suddenly discovered that they hatl always opposed 
the idea of exportation and advised the accumulation of stocks of 
sugar under warrants from the Government. The outlook for the 
industry was decidedly bad, for the hea\y frosts h^ul tlone much 
damage to the stools of the already weakened native cane and the 
general situation was more serious than it bad been for years. 

At the Experiment Station and in the substations we had now 
had five years of experience with the new canes, imder almost 
every clinratic condition conceivable for Tucuniiin, an.d the results 
from these five years showed that the native canes had averaged 
23 tons of can.e and about two tons of sugar per hectare whereas 
the J. 213 had averaged almost 75 tons of cane and six and-a-half 
tons of sugar, and the J. 36 and J. 139, 65 and 60 tons of cane per 
hectare, respectively. The J. 234 had averaged, during the same 
period and under identical conditions, over fifty tons of cane per 
hectare, its uniformly high sugar content causing its production 
of sugar to reach almost five tons per annum. For the four Java 
varieties, the average aimual yield during these five years was 62 
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tons of cane and well over five tons of sugar per hectare—consider¬ 
ably over double the native cane. Besides the question of cultural 
yield, wo had been able to prove definite superiority on each of the 
five |)oints we hatl placed as our objects at the Ijeginning of these 
investigations. Results nad been confirmed also, in later plantings 
on a l»,rge scale and all over the province in the substations. Hie 
time had come, therefore, for the Experiment Station to make 
definite reconuuendations of these canes for supplanting the native 
striped and purple ones. Early in 1915, an active propaganda 
was commenced and has been duly continued up to date, to induce 
the planters, large and small, to leave off the expensive cultivation 
of the degenerated native canes and supplant them as rapidly as 
possible with the vigorous, rapid growing Java ones, following the 
counsels of the Experiment Station officials as to the best of the 
Java varieties for their particular conditions of abundance or lack 
of irrigation water, exposure to frost, type of soil, etc., etc. 

With the crop of 1915 a complete failure then, many of the 
more progressive planters of Tuciimiin at last put their prejudices 
and sentiments into their pockets, and began to plant the new 
canes more vigorously, many of them paying enormous prices for 
the seed cane to the more progressive men who already had large 
plantings for these varietie.s established. Some of these latter 
men made fortunes through their long-headedness, particularly 
those who were fortunate enougli to have these canes planted in 
protected situations more or less free from the heavy frosts of the 
past four winters. When in 1916 the average yield of native cane 
dropped to only about eiglit tons per hectare, the prejudices against 
the foreign invaders in their cane fields almost entirely disappeared, 
and some 50,000 acres were laid down in these canes, the J. 213 
predominating. The comparatively good development of these 
plantings in the unprecedentedly unfavourable seasons of 1916-17, 
when all the native canes practically did not grow at aU, was the straw 
that broke the proverbial camel’s back, and in 1917 everyone fell 
over themselves to secure seed of the Java varieties, paying almost 
any price asked, some sales beii^ made at as high a price as 
40 pesos per ton (over £ 3), which ia more than twice the price paid 
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©Top of a round six million pesos per year (about £500,000) ? Is 
it not likely that these results will place the province of Tucumin 
within a few years in a position which will permit her to enormously 
increase her production and compete under more favourable terms 
with other countries having vastly superior climatic and geographical 
conditions ? 



THE WORLD’S SUGAR SUPPLIES.* 


In view of the fact that at the close of the year the British 
Sugar Commissioji ends its work, and that prices will afterwards 
Im? governed by open market conditions, more than usual interest 
attaches to the rejx)rts of the present crop and the estimates of the 
world’s supplies. Indications point to there being plenty of sugar 
in the world to meet nornral requirements, though he would, indeed, 
be a rash j)ei‘8on who went .so far as to prophesy a return to pre-war 
values, or even a substantial reduction in the prices which have 
steadily risen during the past five years. 

The United Kingdom is one of the greatest sugar-consuming 
countries, and, unlike the majority of others, is entirely dependent 
upon imports for its supplies. Before the war those imports of cane 
and beet, refined and uurefuied, were rapidly approaching the round 
figure of two milhon tons a year. This approximately represents 
a consumption which was exceeded in bulk only by the United 
States and British India, with Germany and Russia occupy¬ 
ing fourth and fifth positions. The average annual consumption 
in the five years’ pcritxl 1908-13 for the world is estimated at 
15,850,000 tons, the principal consuming coimtries being America 
3,400,000 tons, British India 2,830,000 tons. United Kingdom 
1,800,000 tons, Germany 1,400,000 tons, Russia 1,180,000 tons, 
Austria-Hungary 680,000 tons, and Fi*ance 643,000 tons. On the 
basis of population, the United Kmgdom was an easy first in the 
average consumption per head, with America next. A curious 
fact is that while the world’s supplies averaged nearly 16 million 
tons a year, the exportable surplus of producing countries averaged 
only 5ii^ million tons, of which the United States absorbed 60 per 
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cent., Great Britain 34 per cent., and British India 11 per cent. 
Notwithstanding that India produced more sugar than any other 
country, it was not self-supporting, having to import 20 per cent, 
of requirements, principally from Mauritius, Java, and Austria- 
Hungary. On the other hand, the United States, wth great rcsour- 
• ces, pnxluced only 23 per cent, of requirenu'nts, aiid imported 
very largely from the West Indie.s. Of Europ'an coun.trie8, Germany, 
Austria-Hungary, Russia, France and Htdlaiul all produced a varying 
surplus for export.. 

Before the war the United Kij'gdoms requiremeii.ts were 
supplied to the extent of 96 }x?r cent, from foreign countries, and 4 
]->er cent, from British }X)Sse,s.sious, fully lialf of flie f(»rmer l>eing 
derived from German)^, and a fifth fn in Austria-irungary. In 1913, 
for instance, our net imi>orts of sugar were 1 .y08,7()0 tons, of which 
Gemuuiy sent 936,900 tons and Austria-Hungary 308,922 tons— 
in all, 1,295,822 tons, or just on 66 jvr cent, of the total net im|K»rts. 
It will lie reiulily gathered that u’hen war cut olT the.si* sourci's of 
supply the United Kingdom found itself in a very fight jKisition, 
and had to turn, to other quarters Oi su]j|)lement flu* 34}M“rcent. left. 
Cuba, which in pre-war yeais sent us about 20O,0(M> tons, was 
appealed to, and iucr«“a.sed her exjKut to the Unitisi Kingdom to us 
much a.s 700,000 ton.s in 1917, while the British We.st Indies, Peru 
and ^Viherica were all drawn ujxm for larger quantities. Li the 
circum.stance8 of a world shortag**, due prin<‘i]tally to the exclusion 
of Gernran and Austrian sugar, and the ilidiiaiities attaching to 
overseas transport, it could not be ex'pi'cletl that normal supplies 
could lie a.s8ured. Great Britain, n.evertlieless. did veiy well, and 
managed to import 70 to 75 jkt cent, of the quantity she might 
otherwise have imported, as tlie follow'ing returns of net imports 


will show;— 
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By* way of illustrating the increase in value, it may be noted 
that the average cost per cwt. in 1913 was 11s. 8d.; in 1918 it had 
advanced to 26.?. 3d. per cwt. Imports to the United Kii^gdoro 
this year so far show a fair i rprovement on the previous two years, 
total to hand in the eight months January-August being returned 
at 1,123,107 tons, agaiii.st 908,013 tons and 960,600 tons in. the* 
corresponding periods of 1917 ai\d 19i8, re.spectively. Should the 
remaining four months of the year maintain tlie same level, we may 
expect to receive about 1,700,000 toils, or 400,000 tons more than 
in 1918. Inciden.tally, it may be said that le,ss than 20,000 tons 
of this year’s impirts came from Uurope. (Hiba, however, heads the 
list with, in round figuri's, over 400,000 ton,s, Ja\a following with 
225,000 tons, the United States 150,000 tons, Mauritius 135,000 
tons, and the West Indies 92,000 tons. 

With regard to future supplies, the outlook is }>y no means 
altog(‘ther unsatisfactor\', the estimates of the present World’s crop 
lK‘ing about half a million tons above the pre-Wiir average, but 
about the same (Quantity beloAV 1917 yield, and 800,000 tons behind 
last year. In a table jirintnd in the •• (’ommerce Monthly,” of New 
York, for Sejitember, (.lu; average proiluction of the principal 
sugar-producing countries in the five years preceding the war, 
the output of 1917 and 1918, and the estimated yield of the 1919 
crop, are giwn. as under in short tons :— 
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This teble only is in short tons; to translate into long tons, 
deduct 10*7 per cent., which in the case of the aggregates would 
give an estimated 1919 production of 16,360,000 long tons, t^ainst 
17,332,000 tons actual in 1918, and 17,000,000 tons in 1917, and 
comparing with a pre-war average of 15,850,000 tons. It will be 
‘ seen that Cuba now leads the way in sugar production, the present 
crop being equal to 26 per cent, of the world’s supply, and at least 
100 per cent, nwre than her pre-war production. Before the war 
British India and Germany were first and second, respectively, 
with Cuba third. The dislocation occasioned by the war, how’ever, 
was responsible for great ehairges. The cutting off of Germany and 
Austria-Hungarj’ had the effect of stimulatijig production in other 
quarters. British Lidia uicreased her sugar production in 1918 by 
50 per cent, over her pre-war averi^e, and liiui surplus for export. 
The present crop appears to have fallen back to alxmt the old level, 
and if it realizes no more than the estimate, slie will have need to 
import half-a-million tons to meet consumptive requirements. 
The estimates of the production of Germany and Austria-Hungar}' 
approximate to normal home consumption, so that it seems unlikely 
that either of these countries, upon whost; surplus w'e relied to 
so large an extent, will have anytliiug of the present crop to export, 
unless their own peoples deny themselves. The shortage in thest* 
two countries represents a difference of 1,460,000 tons in the w'orld’s 
supply. Russia’s crop is put down at half pre-war average, and 
equal to about ,50 per cent, of Russia’s normal consumption, w’hile 
France, which previously was self-supplying and had a small surplus 
of 30,000 to 40,000 tons for export, will have to im[)ort about 600,000 
tons. In other words, Europe, including the United Kiirgdom, 
will require over six million tons of sugar and will produce only 
half that quantity. The falling off iti European production is, 
however, offset by the greater outturn of Cuba, as already noted, 
by Java, the United States, Japan, and othera w'ho have increased 
their crops. It may be added that the lioyal Cortimission on Sugar 
co-operating with the American Fofxl Administration, fonued an 
International Sugar Committee, and arrangcMl to buy the entire 
Cuban crops of 1917-18 and 1918-19, the United States taking about 
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two-thirds of the production, and the Royal Commission the remain¬ 
ing third. 

Thf extent to which sugar from beet has played a part in the 
World’s sugar supplies may be seen in the fact that in the five-year 
period preceding the war it amounted to 45 per cent.; this year it is 
estimated at only 27 pei cent. Owing to our drawing so largely* 
upon Germany and Austria-Hungary, our n.earest sources of supply, 
about two-thirds of the sugar consumed in the United Kingdom in 
other days was beet sugar. Latterly, owing to the change in the 
sources of supply, it has been preponderatingly cane sugar, the 
production of which by places within the British Empire increased 
from 3,275,500 tons in 1913-14 to 4,384,100 tons in 1917 t 18, when it 
formed one-fourth of the world’s supply. Germany, her export 
market gone, had, according to the President of the German Indus¬ 
trial Sugar Users, an area under beet in 1918 of only 367,000 hectares 
(hectare equals 2 47 acres), as against 569,000 hectares in 1914, or 
roughly a decrease of 35 per cent. In Austria-Hungary the area 
under beet decreased 50 per cent. Europe is, of course, the great 
sugar l)eet-growing centre, and the future of its crops and their 
influence on sugar production elsewhere will be followed with the 
keenest interest. Will the industry revive in Germany aiid Austria- 
Hungary and assume pre-war extent, or will the dislocation which 
the war occasioned, and the development of cane sugar-growing 
prove too heavy a handicap ? In other words, will beet sugar 
successfully compete with cane sugar ? Recently it was stated 
at a meeting of the British Society of the Chemical Lidustries that 
the British Empire, with about 3,500,000 acres under sugar mostly 
caxre, produced less than Germany and Austria-Hungary combined 
from less than half that area under beet. Of course, Germany, 
since it wrested the lead from France after the Franco-German war, 
had made great progress in improving the sugar content of the 
beetroot, which in the early days of the industry was only 6 to 8 
per cent. While it is said the roots of the 1909 harvest contained 
an average of 17*63 per cent. 

Efforts have been made in this country to induce farmers to 
grow beet for sugar, but in view of the cheapness of imported sugar 
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it has not been demonstrated to be a sound oommeroial proposition. 
Apparently the United Kingdom has a long way to go before it can 
establish a successful beet sugar industry, A regular supply of 
roots and co-operatioii betweezi grower and manufacturer would 
appear to be essential, and not less important the cultivation of the 
beet to ensure the highest staiulard of quality, liivcstigation of 
375 samples of sugar bt'et grown in the United Kingtlom provtKl 
them to lie in composition, and purity aboA'e the average of those 
grown on the Continent, but it was r»'])ortcd that in other respects 
British-growii roiUs were so defective that it woidd be impoasible 
to deal with them in a factory. The re]K»rt of the society iulded 
that “until greater attention is bestowed on the cultuie of sugar 
beet it eaimot lx* asserted that sugar bt'et can bt' grown in the 
United Kingdom equal to those furnished on the Continent.” 

Sweden, by the way, is .Kuccessfiilly eultivatij'g sugar Wet, 
uhe area under beet this year being 3(1,034 hectares, ttr 14 pT cent, 
greater than, in 1918. With an average liarvest it is ai'.tici])ated 
that this year’s production will suffice to meet most of Sweden’s 
needs. 
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At the last meeting of tlie British Association at Bournemouth, 
Sir Daniel M(*rris, President of the Section of Botany, in the course 
of his opening address,* said:— 

There can he no doubt that not only in the West Indies but 
also in all parts of tlie Empm\ “ Enlightenment as to the objects, 
methods, and conditions of scientific research is proceeding at a 
rapid rate.” Perhajis tlie most' uiteresting feature of the progress 
made is in connection with the application of the laws of heredity 
to the improvement of such highly important crops as sugar, wheat, 
and cotton. The proldems associated with these involve both 
scientific and economic ctonsiderations. As .rt*g^ds , the scientific 
side, it is fortunate tJiat with tlu' begimiing of the twentieth qentury 
came the refliscov(*ry of Mendel’s facts and the stimulating energy of 
th(^ genetii; school which has brought us ai’ entirely new point of 
view in regard to the increased production of field crops. 

Great importance is attached to the improvement of the sugar¬ 
cane, as the prosperity of many of our possessions depends upon it. 
Further, the requirements of this country approach something 
like 2,000,000 tons per annum. The sugarcane, although its origin 
is unknown, has been cultivated in tropical and sub-tropical 
countries from rciuote ages. Up to a recent date its propagation 
was purely vegetatiA'e, as it Avas supposed to iiave lost the power 
of producing mature seed. 

Sugarcane seedlings were observed at Barbados in 1858, but 
it was only fix 1888 that Bo veil and Harrison were in a position to 
utilize the discovery and obtam thousands of self-sown seedlings 
for experimental purposes. Similar seedhngs were also available 
in Java about the same time. As about this period the standard 

* Reprintod from the abridged report in Nahtre, dated 11th December, 1919. 
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oanes in sugar-growing countries were showing signs of beii^ 
severely attacked by disease, the discovery of seedlings was a for¬ 
tunate circumstance. In fact, in some cases it may be regarded as 
having probably saved the mdustry. In British Guiana it is 
reported that in the crop of 1918 seedling canes occupied 83 per 
cent, of the total area xmder canes. Similar results have been 
obtained at Barbados, where Bo veil has continued suice 1888 
raising canes of great merit. 

Lr India there is probably a larger area under sugarcane than 
in any other country. Its production of sugar is more than 
2,000,000 tons. The larger proportion of this consists of a low- 
grade quality known as juggery or gur. Palm-sugar is also pro¬ 
duced to the extent of 500,000 tons. .Speaking generally, the sugar 
industry in India is not in a satisfactory condition. In spite of the 
enormous area under cultivation, India is obliged to increase its 
considerable imports of sugar from Java and other couJitries. To 
obviate this, urgent steps are being taken to improve the characti*r 
of the canes and establish varieties adapted to local cojiditions and 
the circumstances of the sugar-gr-owers. 

Li the considerable literature of sugarcane-breeding in India 
Barber has brought together a vast aimnint of information of 
singular interest and value. In the few years that have elapsed 
since he has been in charge of the Coimbatore Kesearch .Station he 
has laid the foundation of lines of inquiry that cannot fail to prove 
of great value in the permanent improvement of the sugar industry 
in India. 

In his presidential address in 1898 Sir William Crookes stated 
that the prime factor in wheat production w'as a sufficient supply 
of nitrogen. As the supply was then showing signs of exhaustion 
he warned wheat-growers of the peril awaiting them. Hir R. H. 
Rew has now shown that, thanks to the chemist, who came to the 
rescue, there is practically no limit to the resources of nitrogen. 
During recent years Biffen, by his successful investigations on 
Mendelian lines at the Plant Breeding Institute at Cambridge, has 
shown that the characteristics distinguishing the numerous wheats 
can be traced, and the building up of a fresh combination these 
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clxaracten was possible on practical lines. As the losses caused by 
disease were so serious, son etimes running to millions of quarters 
annually, Biffen devoted special attention to the possibility of 
breeding rust-resisting varieties. He found that the power of 
resisting the atta^'ks of yellow rust, for instance, was an inheritable 
character. By crossing Gurka, a Russian disease-resisting wheat, 
with Square Head’s Master, one of the most widely cultivated 
wheats in this country, Biffen eventually produced Little Joss, 
which, after trials extending over a period of several years, is said 
to yield four bushels j)er acre more than any other variety. Further, 
it possesses distinct disease-resisting qualities. 

Another of Biffen’s new wheats is Yeoman. This was raised 
in order to produce what are known as strong wheats. These are in 
great demand in this coujitry, as they produce a flour which is 
much superior for baking purposes to the flour of English wheat. 
In pre-war days (Canadian strong wheats commanded in the market 
5s. more per quarter than the best English wheat. Yeoman not 
only possesses the superior quality of Canadian wheat, but combines 
with it the high-yielding character of certain English wheats. 

A well-authenticated report, supplemented with full details, 
of the value of Yeoman as a field crop, was lately published {Journ. 
lid. Agric., Vol. XXV, 1161). It was cultivated under normal con¬ 
ditions, but without artificial manure, on three fields on a large farm 
near Wye, Kent. The cropped area was a little more than twenty- 
seven acres. The total yield was 2,072 bushels, or an average of 
about seventy-seven bushels per acre. One field, previously under 
beet, comprising three acres, two rods and eiglit poles, yielded 340 
bushels, or an average of eighty-six bushels per acre. These results 
may be compared with thirty-two bushels, the average yield of 
wheat in this country. 

A most desirable improvement in wheat-growing in this country 
is to obtain a spring wheat combining early maturity with a yield 
approaching that of winter wheat. The establishment of a National 
Institute of Agricultural Botany for the further development of 
plant-breeding and the distribution of pure seed may be regarded 
as esaentdal to the welfare and safety of the 
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Wheat-growing is a very important industry in India. It 
was estimated in 1906-7 that 29,000,000 acres were under culti¬ 
vation in wheat with a yield of nearly 9,000,000 tons. Of this 
90 per cent, was consumed in India. A botanical survey of the 
Indian wheats was undertaken by the economic botanists at the 
Imperial Kesearch Institute at Pusa in 1910. In the following 
years, by the application of modern methods of selection and hybri¬ 
dization high-graui qualities were successfully combined with 
high-yielding power, rust resistance, and stifi straw, .so that wheats 
were produced which gave upwards of forty-oiu* bushels j)er acre. 

Among the best of the new varieties are Pusa 4 and Pusa 12. 
Owip.g to an organized system of di.stribution of seecl, it is estimated 
that the area under Pusa 12 during the last wheat .season (1918-19) 
was about 400,000 acu'es. The area under Pusa 4 wjis about 
100,000 acres. 

The imp>rtant work carried <^>n at Pusa by Howard and his 
accomplished wife has followed closely on tin? methods foui'.d so 
successful at Cambridge. It is intere.sting to note that in obtaining 
new kinds by hybridization betweeii Indian wheats and ru.st- 
resisting forms in Northern Europe a dithcultv in regard to Howt-r- 
ing at different jx'riods w'lis f>V(‘rcome by .sending th(‘ Indian ])arent.s 
at Cambridge for sprijig .sowing and by carry'ing out tlie m-tual 
crossing with Biffen’s new hyl^rids in Ki'gland. Prom the crosses 
thus obtained Howard rejKjrts that a wide range of wheats has 
been evolved likely to pr(»ve sujkuuu- to Pusa 4 and Pusa 12. 

The admirable work done by Bilfen at Cambridge and the 
Howards in In.dia clearly <lemonstrat<‘s the \’alue of thf>rougli 
acquaintance with pure botany as a qualification for grajjpling with 
questions of economic importance. 

In reviewing the gain to Indian win'at-grow'ers the Director of 
the Agricultural Besearch Institute has recently stated that, in 
view’ of the favour with wiiich the new wiicats have been received 
and the cordial co-operation of provincial organizations, “ it is a 
modest estimate to assume that in course of a very few years the 
area under Pusa wheats will reach 5,000,000 acres. This means an 
increase, in the near future, in the value of the agncultur&I produce 
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of India, in one crop only of 75 lakhs of rupees or £6,000,000 
sterling.” 

As m wheat, so in cotton, this country is almost entirely depen¬ 
dent ou foreign supplies. The uneasiness caused by the excessive 
dependence of the great Lancashire cotton industry, with exports 
of the annual value of more than £100,000,000 sterling, on supplies 
from abroad, ai'.d the ocoasi^mal shortage, have led to general 
actioii being taken to encourage the more extensive gi'owth of cotton 
within the Empire. Next to the United States, which in some 
years has supplied seven-tenths of our imports, India comes second, 
but the East Indian cotton is not well suited to the requirements 
of the Englisli spinner. Egypt, as the third producing country, 
supjrlies cotton of great strength and fineness. 

The most valuable of all cottons is that known as Sea Island 
cotton, owing to its introduction and successful cultivation on the 
coastal areas in South C’urohna, Georgia, and Florida. It is inter¬ 
esting to report that in reciont years Sea Islaird cotton has been 
introduced hack again to the West Indies, which was probably its 
original home. This was effected by the Imperial Department of 
Agriculture, in the West Indies in 1902, when a pure strain of seed 
raised from plants immune to wilt disease was obtained in quantity 
from James Island. This ensirced that the industry from the first 
was placed on a firm basis, and, with the hearty co-operation of the 
planters, an important West Indian cotton industry was successfully 
established. For some years the West Indian cotton has obtained a 
higher price than the corresponding grades of cotton from the Sea 
Islands themselves. The fine spiimcrs in Lancashire are now 
practically independent for their sujtplies of this cotton from the 
United States. Further, it is not improbable that, owing to the 
serious attacks of the Mexican boll weevil ou cotton plants in South 
Carolina and Georgia, the West Indies may become the only source of 
supply of fine Sea Island cotton. The results so far attained may be 
realized from the fact that the West Indies in recent years has reached 
a total of £2,000,000 sterling. The general conditions in the West 
Indian islands, owing to their small size and comparative isolation, 
should enable them to maintain a high purity of cotton. Harland, 
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whose services in the West Indies have been provided by a grant 
from the Imperial Department of Scientific and Industrial Research, 
has in hand important investigations with the view of placing the 
work of cotton selection and breeding on scientific lines. He has 
shown that the yield of lint per acre depends on a number of factors 
of a morphological and physiological character. In a general way 
it may be said that the yield is dependent on the climatic conditions, 
so an effort is being made to produce varieties w'hich will interact 
with the environmental conditions to the best advantage. Although 
Harland’s work so far is of a preliminary character, he is able to 
suggest the conclusion that, follownng certain lines of selection and 
breeding and bearing in mind the relative importance of lint index 
and lint percentage, it is possible to isolate a strain of Sea Island 
cotton with a weight of lint per boll 31 per cent, greater than that 
of the ordinary sorts in cultivation. 

As already mentioned, India is the second largest producer 
of cotton. In 1906-07 it was estimated that there were about 
20,000,000 acres under cotton with a production of nearly 5,000,000 
bales. It is unfortunate that the quality of Eiist Indian cotton is 
not high, in spite of the considerable efforts made in recent years 
to improve it. 

Leake’s research work in the United Provinces, carried on for 
many years, is regarded as probably the most complete yet attempted 
with cotton in India. A variety known as K. 22 has been widely 
distributed, and the produce in 1916 sold at 31 rupees per raaund 
when- local cotton was 25 rupees. Further, the giiuiing percentage 
has been raised from 33 to about 40, while the lint is of superior 
quality. 

Leake has also been successful in raising an early-flowering 
form of cotton on Mendelian lines. The new form differed from 
ordinary cotton cultivate<l in the United Provinces in that it 
assumed a syrnpodial instead of a rnonopCKlial habit. It not only 
yielded cotton of high quality, but was found by its early-flowering 
habit to suit the special conditions of the United Provinces. 

As Egyptian cotton comes next to Sea Island cotton in quality, 
it may be useful to refer to what has been done, or attempted to be 
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done, on scientific lines to safeguard the industry. Its importance 
may be gathered from the fact that the area under cultivation is 
between 1.500,000 and 2,000,000 acres. Balls has fully reviewed 
the sc'oatific and other problems that had to be solved in placing 
the industry on a satisfactory footing. According to Balls, the 
high-water mark of Egyptian cotton-growing was from 1896 to 
1899. Since that time, although the actual area under cotton has 
been increased by 600,000 acres, the benefit measured in terms of 
cotton alone has been small. It is probable that the attacks of the 
pink boll-worm and other pests may have affected the results, but 
Balls and his colleagues drew the conclusion that “ the falling off 
in yield was due to a rise in the level of the subsoil water or water 
table of the country brought about by the extension of the irrigation 
system during the past decade.” The roots of the cotton plant 
were thus adversely affected at a critical period of growth. This 
recalls what Howard discovered : that one of the causes of the wilt 
disease in indigo in India was the destruction of the fine roots and 
nodules during heavy monsoon rains. 

. Probably the most remarkable instance on record of the suc¬ 
cessful combination of science and enterprise in the tropics is the 
establishment of a cacao-growing industry in the Colony of the 
Gold Coast, West Africa. Thirty years ago no cacao of any kind 
was produced on the coast. Owing, however, to the foresight of 
the then Governor (Sir William Brandford Griffith), who sought 
the powerful aid of Kew, cacao-growing was started in a small way 
among the Negio peasantry with eventually extraordinary results. 
After selecting the locality for the experiments, seeds and plants 
were obtained through Kew, and a trained man was placed in charge 
{Kew Bull., 1891, p. 169 ; 1895, p. 11). The first exports in 1891 
amounted to a vahie of £4 only. So rapid was the development 
of the industry that ten years later the exports reached a value of 
£43,000. By this time both the people and the Government had 
begun to realize the possibilities of the situation, and systematic 
steps were taken to organize under scientific control a staff of 
travelling agricultural instructors to advise and assist the culti¬ 
vators in dealing with fungoid and insect pests and improving the 
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quality of the produce. In 1911 the exports had increased nearly 
fourfold and reached a total value of £1,613,000, while in 1916 
what may possibly be regarded as the maximum exports were of the 
value of £3,847,720. 

It should be borne in mind that this Gold Coast cacao industry, 
now one of the largest in the world, has been called into being and 
developed entirely by the agency of unskilled Negro labour, and on 
small plots from one to five or ten acres in extent. The controlling 
factors were, first, the selection of suitable land for cacao-growing; 
next, the selection and supply of seeds and plants of varieties adapted 
to local conditions; and, lastly, the arlvice and assistance of trained 
Europeans backed by the resources of science. 

Coming nearer home, Henr}% well kii.own from his association 
with Elwes in tlie production of “ The Tna's of Great Britain 
and Ireland,” by historical research and exjx.'riment. has estiil)lished 
the fact that many fast-growing trees in cultivation, such as the 
Lucombe Oak, Common Lime, Cricket-liat Willow, Black Italian 
Poplar, Huntingdon Elm. eh;., are natural hybrids. It Avas of 
high scientific importajice to discover the origin of these valuabL 
trees. Further, by artificial pollination. Ibmry has succeeded iji 
raising new hybrids which display the extraordinary vigour charac¬ 
teristic of the first-generation cross. P(>rhaps the nu)St notable so 
far is a neAV hybrid poplar {Populm gencrosa) which makes the 
strongest shoots of all poplars. It is claimed in the ca,se of hybrid 
trees that “ it is possible to produce much greater bulk of timber 
in a given time.” The common belief that quickly grown timbers 
are of inferior quality is said not to liold good in respect of any 
quality in ash, oak, and walnut. In. fact, according to Dawson, 
“ with oak, ash, and walnut the quicker their growth the Indter 
their quality in every way. They are more durabh*, more elastic, 
and less difficult to work ” (“ Science and the Nation,” p. 138). It 
is further claimed that by hybridi/ing it may be possible to produce 
disease-resisting varieties and varieties carrying vfith them other 
desirable characteristics. 

In the tropics breeding experiments in the case of India-rubber 
trees are likely to prove of great value. In the meantime, selection 
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of seed from tlie best trees is being carefully carried out in the hope 
oi increasuig the general yield of the plantations. In Java the 
proportion of alkaloids in the bark of introduced cinchona trees 
(yieldii’g quinine) has nearly doubled by careful selection on these 
lines. 

Plaa.t-breeding experiments with India-rubber trees have 
aheady been atteuipted, but tlicy arc not likely to be of much value 
if tlxey are confined to empirical and haphazard lines. Work of 
this kind must be kmgthy and complex, but it is absolutely essential 
to ensure the safety of an industi-y which is estimated to be of the 
annual value in the Middle East of about £50,000,000 sterling. The 
Agricultural Department in (V>ylon, which is fully alive to the 
fundamental importance of tJic selection and breeding of India- 
rubber trees, has already taken some action in the matter. 

Another investigation in hand is to determine whether the 
late.x-yielding quality of Hevea trees can be associated with any 
definite botanical characters and to what extent such characters 
are transmissible. Twenty trees of the same age growing in. a four- 
acre block liave b<*en selected for differences in leaf and bark 
characters. These are all tapped on the same system, and the yield 
of rubber from each tree is recorded separately for each tapping 
{Kew Bulletin, 19J7, p. 118). 

The value of these and other experiments of a like nature may 
be realized when, according to Varnet, quoted by Johnson, the yield 
of rubber from different trees of Hnea growing under similar condi¬ 
tions in the same plantation may vary as regards volume of latex 
from 4 to 48, and in percentage of weight of dry rubber from 1-286 
to 14‘lt)4 iJourn. d’Agric. Tropicale, 1907). 

Bateson a few years ago expressed the opinion that nowhere 
is the need for wide views of our problems more evident than in the 
study of plant diseases. Biflen and others have shown that under 
certain conditions the quality inherent in some varieties to resist 
disease may be utilized to great advantage.. The national impor¬ 
tance of such work is impressed upon us by the enormous losses 
sustained every year by rust in wheat, mould in hops, and the 
widespread disease of potatoes. One of the most striking instances 
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in recent times was the destruction of the valuable coffee planta¬ 
tions in Ceylon. The industry, an exceptionally valuable one, was 
wiped out in a comparatively few years by the coffee-leaf disease 
(Hemileia vastatrix). In the light of our present knowledge it is not 
improbable that this disease may have l)een checked by seed selec¬ 
tion or by raising an immune race of plants or, more probably, as 
suggested by Armstrong, by regulating the use of essentially nitro¬ 
genous manures, which are known in some cases to intensify the 
attacks of fungoid pests, and substituting the use of phosphates. 
As illustrating the occurrence of an incidental result arising from 
a purely scientific investigation, mention may be made of the dis¬ 
covery of a remarkably tall strain of flax at the John Innes Insti¬ 
tution. Tliis, if capable of being established on pure lines, may 
prove of economic value. It is a hopeful sign that the appreciation 
of the work done at this institution, under the stimulating energ\' 
of Bateson, is increasing day l)y day. \Ve may mention the great 
success which is attending the establishment of a school of technical 
education and research by the Royal Horticultural Society at Wisely, 
This is maintained by liberal funds, and by means of its well-equipi)ed 
laboratories and extensive trial grounds it offers unique facilities 
for solving problems of great value as affecting the future of British 
horticulture. In sympathy with the work at Wisely, private firms 
are also setting up laboratories of their own and employing men of 
high standing so that a just balance may be maintained between 
science and practice. The progress made in the elucidation of 
problems in tropical plant pathology shows the'necessity not only 
for well-trained and experienced mycologists and entomologists, 
but also for the correlation and combination of knowledge gained 
in their several lines of study. It is suggested that research work 
should be organized on the broadest possible lines, and combine the 
biological services of the whole Empire. W^e have a first step in 
this direction in the Imi)erial Bureau of Entomology, with its head¬ 
quarters at the British Museum. Tliosc acquainted with the effi¬ 
cient work done by this bureau and the excellent publications issued 
by it will very heartily welcome the establishment of the proposed 
Imperial Bureau of Mycology to carry on work on similar lines. 
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HALF-BRED AVRSHIRE-MONTGOMERY CATTLE 
AT PESHAWAR. 

In January 1917, two half-bred Ayrshire-Montgomery bull- 
calves were placed with the Awankari herd at the Peshawar Agri¬ 
cultural Station, to observe their thriftincss in general, and their 
resistance to diseases which are never long absent from the neigh¬ 
bourhood of the farm. A third cah was at the same time given to 
a neighbour in a village near by, there to be observed, whilst taking 
his chance of life with the village cattle. The half-bred animals 
were brought up on the pail. The pair on the farm were fed whole 
milk, with a little cc)ucentrated food in season. Reared in this 
way they of course cost more to bring up than they were likely to 
realize as work-bullocks, but they grow into big, blocky, strong- 
limbed, aiid quite exceptioirally good handsome bulls. They were 
never sick ox sorry until they attained the age of two years. Then 
rinderpest carried off No. 1, when that disease was abroad in the 
land. But happily, no Awankari or w )rking bullock in the Tarnab 
herd of about 00 animals was attacked. The cross-bred No. 1 
was the first tt) succumb to the disease. No. 2 was not affected 
when his stable companion died. The entire herd was moculated 
when cross-bred No. 1 was seen to be ailing and the usual precautions 
were taken to prevent the spread of the disease when the case was 
diagiiosed. 

Now, four mouths after the death of No. 1, No. 2 has “ foot- 
and-mouth.” The trouble is prevailing in the neighbourhood, 
but thus far no Awankari or working bullock is affected. So the 
haff-bred is banned the herd, and soon he will go to the butcher. An 
animal that is pecuUarly liable to disease is a danger to all the herd. 

( 217 ) f 
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No. 3 early saw the desolation ol ‘rinderpest. When he was 
less than three months of age, the writer observed him, and in 
sympathy rubbed his ])oll, as he awaited inoculation amidst many 
cattle in the village, a village where, the week before, 40 liead 
succumbed to rindei']iest. He came througli that trial unaffected. 
And although foot-and-mouth is in tlie villag(^s ofE-and-on 
nearly always, lie escaped that also without in any way fore¬ 
going liis freedom or the companionship of reputedly hardier 
kine. 

But ho is dead now. Ifis owner became asluuued of him, 
for he was a dwarf. He was hardly more than half the size and 
weight of lus half-brothers on the farm who were much of his age, 
but who had the good fortune to be brought uj) on whole milk 
and good Agricultural Station rations. He was not a pinched 
starved dwarf. He wa.s a sleek little “ 'I’om 'rhumb.” 

So ends the .small trial of half-lired cattle at Tariiab. 

Knowing the lieavy toll rinderpest and other di.seases have 
taken from imported bulls and their half-bred progeny in India, 
and bearing in mii’.d that foot-and-mouth e.s}H*eially is lu^ver long 
absent from tlie villages, more tlian ever the utmost will be done at 
Tarnab to raise the milk yield of the AAvankaris by selection, rather 
than by an infusion oj foreiyn blood. 

The work bullock who.se uj)biinging co.sts Its. lot) or more 
must not be more than usually ])rone to suffer from the di.sea.scs 
that so frecpiently visit the villages. 

Ilegarding tlu' thriftiness of cros.s-br<‘ds and xVwankaris re- 
.spectively, oi> nearly levtd terms they did equally w(‘ll. Uj> to the 
age of two years, which was the period of the trial, the Awankaris, 
age for age. wcue iis lieavy as, and far more handsome and active 
than, the oross-breds (Platr; XIV). 

But the loss of the two cross-breds at Tarnab is regretted. 
They got a lot of kind handling and Plate XIV shows that they 
responded to good fare anil kindness. 

The trial w'as of course quite a small one. But soon, perhaps, 
records of the progress of the big herds of half-bred cattle that ate 
now in India will be published. [W. Robertson Brown.] 
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Awankari. Ayrshire-Montgomery. 
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THE BRITISH EMPIRE SUGAR RESEARCH ASSOCIATION. 


We have received tire lollowiirg f(»r publication :— 

The ueed for a Biitisl Sugar Ilesearch Association lias so 
long been f(;lt )>y sugar jilanters, refineis and all those manufac¬ 
turing fii'm.s directiv iird inrlirectly concerned with sugar, that 
the lonuation (»f sut.h an association .is has now come into being 
will be AVelcomed. 


With th(' assistance and sujijioj’t of tlu; Government Depart¬ 
ment of Industrial and Sciioitifie Research, ti strong association 
has now been foianed, whose memorandum and articles of association, 
and prospectus, hav<‘ r(‘(!ei\’ed tlu' apjaoi'al of that department, 
.'IS well as that (»f the Board of Trade. On .30th May, 1919, this 
association was registered und(‘r the presidency of .Sir George Beilby, 
who is a member of the Advisory Goimcil of th('- Government Depart¬ 
ment of rndustrial and Scientific Research. Tlic Vdcc-Pre.sident8 
are the following distijiguished gentlemen;—.the Rt. Hon. Lord 
Bledisloc of JiVdnoy, K.B.B. ; Sir Daniel Morris, K.C.M.G., D.C.L., 
D.tSc., LL.D. : Sir Edward Rosling ; Professor E. J. Russell, O.B.E,, 
D.Sc., F.R.S.; Pi-ofessor W. Bateson, D.Sc., F.R.S.; Professor 
,7. Bretland Earmer, ]).Se..M.A., F.R S.; and Mr. Edward Saunders. 

The gentlemen elected t^) the ('oimcil represent every branch 
of the sugar industry throughout the Empire. 

The aim of the association is to establish., in co-operation 
with the G()V(>rnmej).t Department .d Scientific and Industrial 
Research, an empire scheme for the sciei'.tific inve.stigation, either 
by its own ofiici'rs, or by universities, technical schools and other 
imstit lit ions, of tin- probl.n.is ailsiiig in the sugar industry, and to 
encourage and iiujirove the techidcal education of jiersons who 
are or may be engaged iii the industry. 

The association is inviting all those who are engaged in any 
branch of the sugar indiustry within t he empire to become members, 
and thus become eligible for benefits resulting from the scientific 
investigations it will carry out. 

While it may be admitted that research work has always been 
proceeding in scattered localities of the empire, where cane and beet 
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are grorni, and also in England where sugar is refined, as well as 
in factories where sugar is an ingredient for the manufacture of the 
finished article, such research is carried out by the factory’s chemist, 
who works continually for the improvement of sugar manufacture. 
Such improvements, however, often remain only half investigated, 
owing to the time given to routine work, which is the main occupa¬ 
tion of the factory chemist. Thei-e are few factories who can employ 
a highly skilled chemist mainly for research work, therefore the 
necessity for an organized association wliere research will be carried 
out by the best brains, for the general benefit of the empire sugar 
industry, is felt daily more and more. 

The scope of the work to be done by the association will include 
the investigation of problems arisir.g in all branches of tJie sugar 
industry, including the improvement of the sugarcane, sugar beet, 
the various methods of extractii'g the sweetening matter from cane 
and beet, the various processes of refining, and the best methods 
for the use of sugar employed by maiiufacturers usii’g sugar as one 
of their raw materials, as well as the discovery of the best uses 
of the after-products of both factory aial refinery. 

In order to make the research work of the association of the 
greatest possible utility to the industly, jniwer has beiui taken, 
not only to encourage the training of re.search workens, but also to 
improve the technical education of persons engaged, or likely to lie 
engaged, in all branches of the sugar industiy. 

A survey is being made, of the field of K'search which is lik<‘ly 
to be beneficial to the industry, and it is ho|K'd that memb(‘rs 
of the association will be williig to assist in the framing 
of a thoroughly comprehensive schmne, by nuikij g suggestions 
relating to that part of the industry wit h which they are intinuit idy 
acquamted. 

It is also proposed to establish a bureau of information for the 
sugar and allied trades industries, to whiclt any member of the 
association can apply for assistance in the tecluiical and other 
diflficulties which he may encounter in his business. 

By means of its various activities as an association for sugar 
research, a bureau of information, and a centre for the furtherance 
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of technical education, it is hoped that the British Empire Sugar 
Research Association will exercise a far-reaching and beneficial 
influence ou the future welfare of this ancient and important industry. 

♦ 

THE ELECTRICAL TREATMENT OF SEEDS. 

During the pasr seven or eiglit years, experiments have been 
in progress upon Ihe effect of t]i.e electrical treatment of seeds. 
The process is one devised by Dr. C'harlea Mercier who, however, 
recently died, but the work is being carried on by others. It is only 
during tlie past three years that the process lias been worked on a 
commercial sciile. Three seasons ago it was tried at home by about 
a dozen farmers, two seasons ago by more thaji 150, aird this season 
by more thiin 500. The process lias not beeji advertised and the 
rapid j)rogreas inside is almost, entirely due to the recommendation 
of one farmer t.o sin.otJier, or by seedsmen to farmers. It is claimed 
for the process lliat properly conducted electrification of seed never 
fails to produce an increase in a crop of corn, and that in every one of 
the few cases in which this result lias not been produced, it has been 
found that some mistake has been made in the process. From 
siinijiles of wheat, oats, barley, etc., the writer has seen there is a 
distinct improvement in tJiat grown from electrified seed over that 
grown from seed in the ordinary way. The figures given to him 
Were tliat the increase in yield varies from four bushels to twenty 
or more bushels per acre, the aveiagi of a considerable number of 
trials being about ten bushels or 30 per cent. Engineers iidicate 
tliat there is considerable difference of opinion and in some cases 
scepticism as to the results of elcctrUication. It seems a curious 
fact tliat laboratory experiments at the experimental farm at Rotham- 
sted shew no improvement from electrified seed, whilst a number 
of farmers from the Devonshire district are ready to speak in high 
praise of the value of the process. The owners of the process say 
that every kind of seed requires its own peculiar treatment, and 
that this treatment has been completely ascertained only for cereal 
crops. Large quantities of electrified root seeds have, however, 
been sown this season. The general claims are that the cost 
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electrification is small, the process is simple and adds nothing to the 
labour of the farmer, to the implements for operation on the farm 
or to his capital on outlay, unless he chooses to electrify the seed 
for himself. [Indian Industries and Power, November 1919.] 


Flour from the cattails of the swamps has been found by the 
Plant Chemical Laboratory at Washington to contain about the 
same amount of protein as rice and cornflours, with somewliat 
less fat than wheat flour, ajid it was regarded as a promising substi¬ 
tute with wheat flour to the extent of 10 to 20 per cent. In the 
investigation of which he has given an account in the “ Scientific 
Monthly,” Prof. P. AV. Claassen tried tlie flour in several ways, 
both as part substitute with wheat flour in baking and as cornstarch 
substitute for puddings. Biscuits containing 50 und even 100 per 
cent, of this flour proved to be palatable, not very different from 
those of wheat flour alone, while the puddings liad an agreeable 
flavour and were satisfactory. The flour material is obtainetl 
from the large underground rootstalks or rliizomcs, of which it forms 
a starch core three-eighths to one-half inch in diameter. Tlie 
dried rhizomes from an acre of cattails were shown to equal 10,792 
pounds, and the core substance, passed through a meat-grinder ami 
sifted, yielded fine flour at the rate of 5,500 pounds per acre. Man\ 
thousand acres of cattail marshes are included hi the 139,855 square 
miles of swamp-land of the United States. [Ca'pital, dated 10th 
Januaiy, 1920.] 

* 

* * 

MANGO HOPPER PEST. 

A COMMUNIQUE issued by the Publicity Bureau, Madras, says :— 
The Government Entomologist of the Agricultural College, 
Coimbatore, ntitifies that he is in a ]K)sition to supply fishoil rosin 
soap at the rate of K. 0-2-1 per Ib. This should be used to spray 
mango trees to save them from tJie mango hopjier. A pamphlet 
containing instmetions showing how the soap should be applied. 
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wiil be sent free of charge to any tree owner who applies to the 
Government Entomologist, Agricultural College, Coimbatore. The 
tree owacrs li\dng in Northern Circars can obtain the soap and the 
pamphlet I^y applying to the Deputy Director of Agriculture, No. 1 
Circle, Anakapalle. 

A later communique from’the same source says :— 

Oiu^ of the worsi ('nemies of the jnango ti'ee is the insect called 
“ the mango hop])er ” whicli causes considerable damage to the 
crop in certain yeais, especially in (.'hittoor aiul Salem. Sometimes 
the trees in the gardei'.s blossom n\ profusioj). during the cold weather, 
and great hopes are entertaiiuHl of a good crop in the coining season. 
But within a week or two after blossoming, tlie flower buds and 
blossoms turn brownish ami gradually wither away. The few 
first formed fruits dioj) and tlie leaves of the mango b(>come covered 
with a sticky juice which gives them a dark sickly apjiearanec. 
The cause of the trouble is the mango hojiper. 

The mango hopjicr is a small insect about an eighth of an inch 
in length with a broad head and a wedge-shaped body. Its colour 
apjiears to bi* a light greenisli lirown. Close observation shows 
that it is i-eally brown with light black and yellow maikings. It can 
fly but geneially moves about by ^'igorous Imps, 'riie insect lays 
its eggs in the shoots and leaves, inserting them one liy one beneath 
the surface. Tiie eggs are almost too small to be seen by the eye. 
The young are similar to their parents but wingless. They cast 
their skins periodically and get their wings and their full adult form 
in about 10 days. Both the young and the full-grown insects attack 
the tender shoots and leaves of the mango and suck up the plant 
sap, thei'eb}' robbing the flowers and fruit of the juice required 
to develop them. These insects breed at the time when the mango 
trees blossom, and in some years enormous swarms of mango hoppers 
may be found in the nrango trees at the blossoming season. If these 
swarms are allowed to have their way there is no hope for tire mango 
fruits. 

The only generally effective method of defeating the attacks 
of mango hojiper is to spray the trees at the breeding season with 
some liquid which will kill the young hopper. Young hoppers 
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are wingless and are unable to fly or hop. Hence they are unable 
to escape from the poisonous spray. The spraying operation 
must be begun when the flowering shoots begin to appear, t.c., about 
January, and must be repeated from time to time up to the end of 
March. The possibility of defeating the attacks of the mango 
hopper by the use of a spray has been tested and proved by the 
Agricultural Department in experiments conducted for some years 
in the mango gardens of Salem and Chittoor. 

The Agricultural Department has published a leaflet (No. 3 
of 1917) giving detailed instructions for the use of the spray. The 
material recommended by the Agricultural Department for use as 
a spray is the fishoil rosin soap. To use the spray wc need a 
good syringe which will wet the tree evenly all over. An ordinary 
garden syringe is not generally satisfactory and a special syringe 
is required. 

The cost of a suitable syringe would pro])al)ly be about Rs. 100. 
The cost of fishoil rosin soap required for spraying a single mango 
tree may roughly be taken as 8 annas. A single syringe will of 
course spray a very large number of trees. As the croj) of a single 
mango tree may be worth 200 or 300 rupees, it will be seen tJiat the 
tree owner can well afford to invest some money in a suitable syringe 
and the fishoil rosin soaj). It has been suggested that traders or 
co-oi)erative societies in Chittoor and Salem might well buy suitable 
syringes and hire them out at reasonable prices to the tree owners 
in their neighbourhoods. The Government Eiitomologlst of the 
Agricultural College, Coimbatore, has already notified that he has a 
stock of fishoil rosin soap for sale and that he is prepared to supply 
with the soap pamphlets containing instructions for its use and 
advice as to the most suitable spray mg machines for the work and 
the firms and prices at which they can be purchased. 

It is understood that many tree owners have showir their willing¬ 
ness to adopt the system of spraying, and it might be worth while 
for a commercial firm to stock and advertise a suitable mango 
syringe after consulting the Agricultural Department and obtaining 
its approval to the type of syringe. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


Sir Frank Sly, K.C.SJ., LC.S,, who officiated as Inspector 
Geiieral of Agriculture in India from 1904 to 1907, has been ap¬ 
pointed Chief Commissioner of the Central Provinces. We ofier 
him our smeere congi’atulations. 

* 

* * 

We ofier liearty felicitations to the Hon’ble hir. H. E. C. 
Hailey, C.I.E., LC.S., Director of Laud Eecords and Agriculture, 
United Provijices, and Mr. Frank Noyce, LC.S., Controller of Cotton 
Cloth, who have been appointed Commanders of the Most Excellent 
Order of the British Empire (C^ivil Division) for services in 
connection witli the war. 

* * 

The New Year’s Honours List contains the following names 
which will be of interest to the Agricultural Department 

Uai Bahadur. Babu Eajeswar Da3 Gupta, Deputy Director of 
Agriculture, Bengal. 

Mr. IjAOHmi Chand Sharma, M.K.A.C., Deputy 
Director of Agriculture, Eastern Cncle, United 
Provinces. 

Klian Sahib, Shaikh Muhammad Naib Hussain, Superin¬ 
tendent, Sugarcane Farm, Shahjahanpur, United 
Provinces. 

M. Naiz Muhammad, Deputy Supermtendent, 
Civil Veterinaiy Department, United Provinces. 
Babu Apurba Kumar Ghosh, Sericultural Super¬ 
intendent, Bengal. 

( 225 ) 


Bai Sahib. 
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Rao Sahib. M. R. Ry. T. S. Venkatraman, B.A., Acting 
Government Sugarcane Expert, Coimbatore. 

M. R. Ry. Y. Ramachandra Rao, M.A., F.E.S., 
Entomological Assistant, Agricultural Depart¬ 
ment, Madras. 

* 

♦ ♦ 

Sir Thomas Elliott, Bart., K.C.B., has been appointed as 
the representative of the United Kingdom, India, and other parts 
of the British Empire on the Permanent Committee of the Inter¬ 
national Institute of Agriculture at Rome. 

* 

* * 

Mr. G. P. Hector, M.A., Economic Botanist, Bengal, 

has been appointed to officiate as Im])erial Economic Botanist, 
Pusa, from 20th December, 1919, vice. Mr. A. Howard, (M.E.,M.A., 
on combined leave. 

* 

* * 

Dr. F. J. F. Shaw, Secoiul Imperial Mycologist, has been 
granted combined leave for 11 months. 

* 

* ♦ 

The University of Calcutta has conferred the degree of D.Sc. (in 
Chemistry) on Mr. .1. Sen, Supenmmerary Agricultural Chemist, 
and the degree of iVT.S<!. (in Chemistr\’) has been conferred on Mr. 
N. V. Joshi, First Assistant to the Im])orial Agricultural Bacteriologist, 
by the Bombay University. 

♦ * 

Mr. T. F. Main, B.Sc., Deputy Director of Agriculture, Bombay, 
has been allowed an extension of furlough for six months. 

3tC 

)|e 3)c 

Mr. K. Hewlett, O.B.E., Principal, Bombay Veterinary 
College, has been granted combined leave for six months. Mr. 
M. H. Sowerby officiates as Principal during Mr. Hewlett’s 
absence. 
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Mr. E. D. Anstead, M.A., Deputy Director of Apiculture, 
Planting Districts, Madras, has been panted combined leave for 
one year from or after lOth April, 1920. Mr. F. R. Parnell, B.A., 
Governii'^nt Economic Botanist, will, on return from leave, be 
entrusted with the supervision and control of the experimental 
work at tne planting stations. 

Mr. H. M. Leake M.A., F.L.S., Offg. Director of Apiculture, 
United Provinces, has been nominated a member of the Legislative 
Council of the Lieutenant-Governor of the United Provinces. 

* 

* * 

Dr. A. E. Parr, M.A., B.Sc., Deputy Director of Apiculture, 
Western Circle, United Provinces, was on privilege leave from the 
11th October, 1919, to the 5th January, 1920. 

* 

♦ ♦ 

Mr. D. Clouston, C.I.E., M.A., B.Sc., has been confirmed as 
Director of Agriculture, Central Provinces. 

* 

« H: 

Mr. E. G. Allan, M.A., Principal, Agricultural College, Nagpur, 
has been granted privilege leave for six months. Mr. F. J. Plymen, 
A.C.G.I., will officiate as Principal during the absence on leave 
of Mr. Allan, or until further orders. 

* 

* * 

Mr. C. P. Mayadas, M.A., B.8c., Assistant Director of Agricul¬ 
ture, We.stern Circle, Central Provinces, is appointed to officiate as 
Deputy Director of Agriculture of the same circle, vice Mr. F. J. 
Plymen. 

* 

« * 

Mr. J.H. Ritchie, M.A., B.Sc.,Deputy Director of Apiculture, 
Northern Circle, Central Provinces, has been granted privilege 
leave for four montlns and 20 days. Mr. Nand Kishore, Extra 
Assistant Director of Agriculture, has been appointed to officiate 
until further orders. 
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Mr. 0. T. Faulkner, B.A., Deputy Director of Agriculture, 
LyaJIpur, hfis, on return from leave, resumed chaige of his duties, 
relieving Malik Sultan Ali who remains attached to the Punjab 
Agricultural College. 

* 

* <0 

Captain K. J. S. Dowland, M.R.C.V.S., ha.s been apj>ointcd 
to the Indian Civil Veterinary IX’partment, and is |)ostt*d to 
the Punjab as Professor of Sanitar}’ Science, Punjab Veterinary 
College, Lahore. 

* 

♦ * 

Mr. E. Sewell, M.ll.C.V\S., has been a])|)oinU‘d rost-OriKluate 
Pi-ofessor ni the Punjab A'eterinary College. 

* 

* ♦ 

Mr. F. J. Warth, M.Sc’., Agricultural Cliemist, Burma, was 
granted an extension of combined leave up to the 31st January, 
1920. 

* 

* # 

Mr. W. Harris, M.Jt.C.V.S., Suj)erinten(lent, Civil Veterinary 
Department, Assam, has been granted leave for <>im^ numth and 
sixteen days in extension of the leave alre;uly granted U) him. 


WOODHOUSE southern MEMORIAL FUND. 

Its. 

Donations received up to the IJOth Noveniber, lltlf, and acknowledged 
in the Agricultural Journal oj India, ^'ol. XV, l*t. 1, .January 
1920 .. .. .. .. .. .. 2,502 

Sardar Darshan Singh (S) .. .. .. .. 20 


Total Its. 2,582 





Botany for Agricultural Students. —By J. N. Martin, (New York : 

Wiley & Sons.) 

Botany of Crop Plants. —By W, W. Robbins. (Philadelphia; 

P. Blakistons Son & Co.) 

The author of the first book states in his preface that his aim 
has been to present the fundamental principles of botany with 
emphasis on the practical application of these principles, chiefly to 
farm crops, forestry and horticulture. With this object, he deals 
in the first part of the book with the general structure and functions 
of plants, and in the second wdth particular types of plants, from 
thallophytes to gymnosperms, arranged according to their evolu¬ 
tionary relationshijis ; while the book ends with short chapters on 
the adaptation of phmts to their environment, on evolution, varia¬ 
tion and heredity, and the application of these to plant improvement. 

To the agricultural student, the v’alue of the book lies chiefly 
in the fact that economic plants Jire mainly used as illustrative 
material, and in this respect tlxe book will be of use to students 
in this country, as the types described are generally more familiar 
than those usually presented in English text-books. For example, 
in the first part maize is fully described, and the illustrations 
showing the structure of the flower and other parts of this cereal 
are among the best in the book. 

There are some notable omissions from the index. Though 
much attention is naturally given to wheat in the text, there is no 
mention of it in the index, either under its botanical or common 
names. 

( 229 ) 
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The second book is of h different, nature to the first. While 
the first is a botanical text-book, the latter is more suitable to the 
student who has already undergone a course in general botany 
and wishes to take up the more detailed .study, from a botanical 
and agricultural point of view, of particular crops. \Miile it deals 
briefly in the intrcxluctory chaj)ter.s with the main structure and 
functions of plants, chiefly with the view of rubbing up previously 
acquired knowledge, the main jmrt of the book is devoted to 
chapters dealing with the botany, agriculture and ei'onomica of the 
chief crojxs familiar to the American student. In this way it deals 
with the chief cereal crojts, fibre ])lants, oil-.seeds, fruits, vegetables 
and condiment.s. The various groujw of plant.s are j)receded by a 
botanical de.scription of the natural order to which they belong, 
and the chaj)ter.s end with references to the most recent literature 
regarding the crop in question, which are fairly full and up-to-date. 
The book i.s well illustrated and is a useful addition to the list of 
text-books in English dealing with the bettany of cultivatf'd plants. 
[G. P. H.] 

* 

♦ ♦ 

Drainage for Plantations : A Practical Handbook. By ('laud Bald. 

(Calcutta : Thacker, .Spink & Co.) 

“ Drainage is now looked uixm a.s the foundation ujx)u which 
all other agricultural improvements must Ite bised.’’ 

Everyone knows in. a sort of casual way tiuit drainage i.s 
neceasary in certain sfiils and lluit no .soil which is jxTnuvnontly 
saturated with water will produce g(K>d crops. A swnnp, for 
instance, is unprfKluctive. In. airanging any sy.stem of drainage 
stagnant w'ater mu.st at all costs lx? eliminated. What is needed 
is a consrant and fairly rapid flow of an even sheet r>f water through 
the soil which is followed by air, thus aerating the n»ots of plants 
in the soil as well as leaving the soil particles surrounded by water 
films from which the roots can olrtain the crater they need. 

“ It is a mistake to 8uppo.se thfvt drainage carries away all the 
water out of the soil. It only carries off surplus water. The water 
which is held by capillary attraction and water films are retained 
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no matter iiow much the land is drained. K the land is not in a well 
drained ct>ndition the rain cannot enter the soil further than an 
inch or tvva, and consequentlv most of the rain must flow off the 
surface, carrying with it nearly all the fertilizing properties and also 
a great deal of surface soil and or^nic matter which has been weath¬ 
ered and prepared f-n plant food, ill Ireing lost and carried away in 
streams and rivers. On the other hand, wherever the soil is in a 
good state of drainage ijiost of the rain j)asses througli the surface 
soil leaving l)ehii>d it the valuable fertility which it canied. This 
water also carries down with it the air which bid been occupying 
the vacant .spaces between, the soil particles.” 

The benefits to be obtained from drainage are wider than even 
this, and it is an agricultural operation which does not always receive 
the attention which it should. One asjicct of drainage which is 
often lo.st sight of is its effect upon diseases. Thus “ Red Rust,” 
a disease of tea due to the parasitic growth of an alga, is due to want 
of drainage to a very large extent. If the soil is drained and the 
root system of the tea deepened the disease disappears. More 
recently the Aciing c'liief Scientific Officer and the Entomologist 
of the liulian Tea As.sociation have published a report on Tea 
Mosquito Blight, caused by an insect known as HelopeUis, in which 
they jwint out tluit an important factor of the disease is the question 
of soil water-logging, and they advise a good drainage system as 
one method of dealing with the pest. 

The handy little book which lias been quoted above will be 
found a most useful addition to the library of every agriculturalist, 
settii’g forth as it floes the prii'c-iples of draiimge, and the methods 
which can !«' adopted to attain, it, in a condensed form and simple 
language. The author, wh(> is well known for his excellent book on 
“ Indian Tea,” has been most succe.ssful in his object of giving a 
summary of points neceasaiy for planters who require scientific 
data on this subject in a condensed and handy form. [R. D. A.] 



NEW BOOKS 


ON AGRICULTURE AND ALLIED SUBJECTS 

1. The Ecological Relations of Roots, by Prof. J. E. Weaver. 

Pp. vii+128+30. (Washington: Carnegie Institution.) 

2. Agriculture and Farming Business, by 0. H. Benson and 

George Herbert Betts. ' Pp. xvii-j- 778. (London : Kegan 
Paul, Trench, Tnibner & (V)., Ltd.) Price, lO.v. iid. net. 

3. Introduction to Physical C'hemistry, by Prof. James Walker. 

Eighth edition. Pp. xiii-|-433. (London : Macmillan & Co., 
Ltd.) Price, IGs. net. 

4. The Chemical Chemistr}’ of tlie Proteins, by T. Brailsford 

Robertson. (London : Longman, Green & Co.) Price, 25s. 
net. 

6. A Course of Practical Cliemistiy for Agricultural Students, by 
H. A. D. Neville and L. F. Newman. Vol. If, Pt. I. Pp. 122. 
(Cambridge : At the Uiiiversitv Press.) Price, 5s. net. 

6. Commercial Oils: Vegetable and Animal, with a special reference 

to Oriental Oils, by I. F. Laucks. Pp. viii+138. (London : 
Chapman & Hall.) Price, Cs. net. 

7. Applied Botany, by G. S. M. Ellis. Pp. viii-i-248. (London: 

Hodder & Stoughton.) Price, 4s. 6d. net. 

8. Elementary Biology, by B. C. Gruenberg. Pp. x+528. 

(Boston & London: Grinn & (!o.) Price, 7s. net. 

9. Science and Fruit-growing, being an account of the results 

obtained at the Woburn Experimental Fruit Farm since its 
foundation in 1894, by the Duke of Bedford, K.G., F.R.S., 
and Spencer Pickering, M.A., F.R.S. (London : Macmillan 
& Co., Ltd.) Price, 12s. 6d. net. 

10. Experiments with Plants, by J. B. Philips. Pp. 207. (Oxford: 
* At the Clarendon Press.) Price, 38. net. 
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1 .1 Applied Chemistry, by Dr. C. K. Tuikler and H. Masters. Vol. I. 
Pp. xii-f’292. (London: CVosby Lockwood & Son.) Price, 
J2s. 6J. net. 

12. Wo-.-lers of Insect Life, by J. H. Crabtree. Pp. vii + 2114- 
32 plates. (London : G. Eoutledge & Sons.) Price, 6s. net. 
1.3. Popular Clieniical Dictionary, by C. T. Kingzett. Pp. vi-1-368. 
(London: Lailliere, Tindall & C’ox.) Price, 12s. 6d. net. 

14. A Manual of the Electro-Chemical Treatment of Seeds, by 

C. Mercier. Pp. 134. (Loudon: ITuiversity of London 
Press.) Price, 3s. (Ul. net. 

15. My Five-acre Holdii'g, by M. Few. Pj). 164. (London: 

Hodder & Stoughton.) Price, 3.s. net. 

16. Mendelism, by R. (■. Punnelt. Fifth edition. Pp. 216. 

(London: Macmillan & Co., Ltd.) Price, 7s. (id. net. 

17. Commercial Poultry Farming, by 'I'. W. Toovey. Pp. 140. 

(London : Crosby Lockwood Sc Son.) Price, 7s. 6d. net. 

The following jiublieations have lieen. issued by the Imperial 
Department of Agriculture in. India since our last issue :— 

Memoir. 

1. Studies in, the Pollination, cf Indian Crops, I, by A. Howard, 
C.I.E.. M.A., Gabrielle L. Howard, M.A., and Abdur 
Rahman Khan. (Botanical Series, Vol. X, No. 5.) Price, 
R. 1-4 or 2.V. Gd. 


Reports. 

1. Report on the Progress of Agriculture in India for the year 

1918-19. Price, R. 1-4 or 2s. 

2. Proceedings of the Board of Agriculture in India, held at Pusa 

on the 1st December, 1919. and following days (with Appen¬ 
dices). Price, As. 12 or Is. 3d. 




PDBLSCATIONS OF THE IMPERIAL DEPART 
MENl’ OF AGRICDLTDRE IN INDIA 


TO BR RAD RROM 

THK UFPIOB of the AOKIOOL'.ijKAL AOVIBBU TO THE GOVKRNMBNT OF INDIA, POSA, BlHAS, 

and from the /oUounng Agents :— 


(1) THACKEK, SPINK & CO.. Calodtta. 

(2) W. NEWMAN * CO., Oaloutta. 

(3) Rai M, C. SARKAR BAHADUR A 
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SOME COMMON INJ)IAN BIRDS. 

No. :i. THE SPOTTED OWLET (ATHENE BRAMA] 


BY 

T. B.\INBJU(JGE FLETCHER, R.N., F.L.S. F.E.S.. F.Z.S., 

Impcrial Eiitomohigist ; 

AlSl) 

V. M. INfJLlS. M.B.O.C., F.Z.S. 

Op tlie two score or so of sj)ecies of owls wliicli are found 
witliin Indian limits, tlie Spotted Owlet {Athene hmma) is probably' 
at once the t;ommonest and most familiar, as it o('cnrs abundantly 
tliroiyjhout the Plains of India and Burma (although not found 
in Oey^^i'^) is in evidence during the early evenbig often before 
sunset and long before dusk, when most other owls have not yet 
ventured out. It is, moreover, quite a domestic owl, keeping 
especially to trees in cultivated tracts such as gardens around 
houses, and it is commonly found ror)sting and breeding in the 
roofs of houses where these afford the necessary shelter. It is 
fond of perching on the branch of a tree or on a pole or fence or 
telegraph-wire ; indeed, as Hume remaihs, it is one of the birds 
that seem to think that telegraph-wires were erected for their sole 
and especial benefit. It is a decidedly noisy bird, making itself most 
evident to the ear in the evening or early morning, but frequently 
heard at intervals during the night, when a regular volley of 

( 236 ) 
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chuckles and squeaks is poured forth by one or more of these little 
owlets ; but the noise is not sustained for any length of time. 

In the daytime, like other owls, the Spotted Owlet hides away 
in some dark corner, such as a hole in a tree or wall or in a house- 
roof or even in a bungalow verandah if no better situation offers, 
emerging towards sunset to hunt for prey. As Cunningham remarks, 
it is most diverting to watch them emerging; one after another, 
before fairly coming out, putting forth its queer little round head 
and staring eyes through the opening of the cavern. After they 
have emerged they usually sit very quietly for a time as though 
only half awake, and are either perfectly silent or occasionally 
utter a low-toned “ chink.'’ Then, all of a sudden, they begin to 
chuckle and finally break out iiito a perfect torrent of hoai‘.se chatter¬ 
ing ; and finally, after having indulged in such exercises for some 
minutes, they spread their .shf)rt, rounded wings and sail off to their 
night’s hunting. 

However, it does not seem to mind the full blaze and heat 
of the sun, as we have seen it in the early afternoon on a hot April 
day suiming itstdf with outspread wings on the bare gravel in front 
of the bungalow. A pair whicli have for years iiduibited the bungalow 
of one of us (('. M. I.) may often be seen during the daytime either 
perched on some samhhafs antlers on the verandah wall or else 
flying with undulating flight to a tree in the garden, usually to a 
tamarind tree, and, after staying there a short time, returring to 
their hole. We have also seen them on a drizzly day seated on a 
perch outside, enjoying a shower bath. 

It is one of the birds that hawk termites (white ants, so called) 
along with Kollers, etc. Mr. Stuart Baker writes that they are 
great bat hunters, not catching them on the wing but hauling them 
out of their holes; but apparently all these owls do not wage war 
against bats and this habit is perhaps local or confined to a few 
individuals. 

It lives chiefly on insects and to a less extent on mice, shrews 
and lizards, its insect prey consisting mostly of beetles and crickets. 
In the case of eight birds examined at Pusa by the late C. W. Mason, 
of 69 insects taken, one was of a beneficial species, twenty-six were 
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neui.ral and forty-two were injurious. Hume mentions a case, 
reported by Colonel Butler, in wbicb a pair of Spotted Owlets liad 
apparent!]' attacked a nesting Paroquet [P. torquatm), killed it 
on tbe nest and taken possession of this for themselves. As the 
Paroquet is a perfect pest to the agriculturist, we can only wish 
that the S])otted Owe^t would act regularly in this way. At Pusa 
this little owl scorns to live largely on large crickets {Bradiytrypes 
and Gryllotalpa) and on dung-l)eetles. There is no doubt that it 
is a most useful bird in all districts where large crickets occur so 
commonly as to do damage. As these crickets are nocturnal, 
retreating into their subterranean burrows during the daytime 
and only emerging to feed under cover of night, their mofit effective 
natural ejiemies are those, such as the Spotted Owlet, which are 
also nocturnal and which can swoop down and destroy them whilst 
they are feeding above-ground. One commonly sees this little 
owl swoop dowui from* its perch and catch some prey on the ground> 
returning to its perch to devour it, usually to the accompaniment 
of a burst of chattering which is presumably its form of thank- 
offering for a good supper. 

Our Plate gives a good idea of this little owl and the left-hand 
figure shoAVS the terrifying attitude, assumed, after first sitting 
up very erect, by suddenly crouching down and frowning and 
glaring in a terrible way, to frighten any observer or intruder. 

The Spotted Owlet breeds from Fe^'ruary to April, the period 
being slightly earlier in the South and later in Northern India, but 
the great majority of birds lay in March, laying usually three, four 
or five Avhite (pink when fresh) eggs in a hole, in a tree or building, 
the nest being scantily lined Avith a feAA' dry leaves, grass, decayed 
wood, or feathers. We have taken three clutches of three eggs 
each from one nest but even then the birds Avould not desert their 
nesting site. Incubation evidently starts as soon as the bird lays 
as we have taken at the same time from one nest one young, two 
highly incubated and one perfectly fresh egg. The fluffy young, 
when fledged, are drab-and-white Av*ith yellow eyes just like their 
parents and, also like their parents, are exceedingly noisy, each 
member of the family, as Dewar puts it, talking gibberish at the 
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top of its voice, sixteen to the dozen, and as all will persist in speaking 
at once, the result is a nocturnal chorus that will bear comparison 
wnth the efforts of the cats wliich enliven the Londoner’s back 
yard. 

Jerdon, quoting Sykes, wites that “ the Malu-attas have a 
superstition regarding this species, and a class of })eople called 
Pingleh live on the credibility of the people by pretending to consult 
it and predict events.” Jerdon also says that this Owlet is used 
by some shikaris to catch small birds. It is pegged out jiear a low 
bush, the branches of which have been smeared with bird-lime, 
so that any small birds that come to mob it settle on t.h(( bush 
and are caught on the limed twigs. It is, however, noticeable 
that this owl does not seem to l)e molested by )>irds, as other larger 
owls are, probalrly because it is more at home in daylight and so 
does not attract notice by the blundering flight assumed by other 
owls when they venture out by day. Its flight is indeed far from 
a blundering one and, in a recent issue of the Bomliay Natural 
History f^ociety’s Jounuil, Mr. G. 0. Allen has called attejition 
to its occasional habit of hovering; this we have also noticed 
at tiures and it is probably assumed wdien watching some small prey 
which has emerged from its buirow. 



THE POSSIBILITIES OF AGRICULTURE IN INDIA 
WITHIN T1[E NEXT TWENTY YEARS.* 


HY 

D. CLOU.ST0N, C.I.E., M A., B.Sc, 

Director oj Agriculture, Central Provinces and Be ar. 

I HAVE to extend to you a hearty welcome to this meeting 
of the Agi-iculturc and Applied Botany Section of the Indian Science 
Congress. I very much appreciate the honour of bchig asked 
to preside over this section. The subject on which I am to address 
you is one which will, I trust, be of interest to many here ; for most 
of us are beginning to realize how potent a factor science is in the 
development of India’s greatest industry—agriculture. 

It has been said that in the career of a department, as in the 
life of a man, there are stages from which it is appropriate to take a 
glance back^\ard and to contemplate the outlook of the future. 
Prophesy bcijig the role of sciejicc, I am to play the part of a prophet 
on this occasion in so far as 1 shall, in the light of the progi'css already 
made in developing agriculture in India, try to give some indication 
of the rate of advancement to be looked for in future. 

At the present stage of advancement a study of the history 
of agdcultural development in England, where many of the diffi¬ 
culties were experienced which we arc up against in India to-day, 
may prove helpful. Till the latter part of the eighteenth century 
the. agricultural unit in Great Britain was the village with its scattered 
holdings, common grazing grounds, half-starved cattle and poor 
crops resulting from bad cultivation, which are so characteristic 
of many parts of India at the present day. Many improvements 

* Presidential Address to the Agricultural Section of the Seventh Indian Science Congress, 
Nagpur, 1920. 
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had been introduced before that time; the more enterprising 
farmers had learnt, for example, how to grow turnips, clover, artificial 
grasses and other fodder crops, how to avoid the need of fallows 
by adoptuig suitable rotations, and how to grow crops in line by 
using seed drills for sowmg and hoes for interculture. These improve¬ 
ments were, however, not generally adopted for many years because 
of the difficulty of protecting such fodder crops in villages which 
had not been enclosed. 

Tlie Napoleonic wars and the rapid development of our manu¬ 
facturing industries in the latter years of the eighteeiith century 
and the early part of the nineteeiith gave a great impetus to English 
agriculture by forcing up prices of farm produce. High prices, coupled 
with a rise in the cost of labour, encouraged the use of labour-savuig 
appliances and the production of larger acreage outturns. The open 
field system of scattered holdings with its bad cultivation wliich 
resulted therefrom began to give way slowly before economic 
pressure and the more intensive methods of farmuig which began 
to be adopted by the leading “ gentlemen ” farmers of the land. 
Consolidated holdings were fenced and the cultivation of turnips, 
clover and other new crops, which rvere to revolutionize farming, 
were taken ui> on a larger scale than ever before. Ih’ogrcss, however, 
was not so rapid as it might have been, as most of our English 
farmers of this jKjriod, like their fathers before them, stuck to their 
empirical methods based on old use and wont; for there was as yet 
no science of agriculture which could be applied to" the solutiqji 
of its manifold luoblems. Such advancement as was rmide in 
those days can be directly attributed to the interest taken in im¬ 
proved husbandry by men like Jctlno Tull, Bakewell, Lord Town¬ 
send and Arthur Young who, though not themselves scientists in 
our sen.se of the term, pos.sessed the scientific habit of mind which 
they brought to bear on the agricultural problems of the day. 

Science began to be applied systematically to the development 
of the agricnltural resources of England about the middle of the 
nineteenth century, and with very beneficial results. By better breed¬ 
ing and better feeding, her breeds of cattle, sheep and horses were 
improved out of all resemblance to their progenitors; Great Britain 
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became the world’s stud farm. Labour-saving machinery and 
better methods of cultivation were rapidly introduced and improved 
strains of seetl raised. More attention was given to the improve¬ 
ment of the soil by drainage and manuring, to the protection of crops 
from cattle, and to the better housing of live stock. As a result of 
the improvements effected, the acreage yield of the staple crops and 
the average weight of cattle and sheep were more than doubled. 
These and other improvements introduced in the latter half of the 
last century have added largely to the material welfare of the 
English farmer. Development would have been much more rapid 
liowever, had her statesmeii fully realized the enormous possibilities 
there were of agricidtui'e being benefited by experiment and research. 
For the splei'.did progress that was made we are largely indebted 
to the great work done by scientists like Lawes aiul Gilbert; to 
enter])riaing seedsmen like Garton and Sutton ; to the ijigeuuity of 
manufacturing firms which vied with each other in designing machi¬ 
nery suitable for the farm; and to the fine example of the larger 
farmers who were in a position to utilize to the-full the modern 
(levelopnu'uts of organization and scientific knowledge. 

As a result of the exigencies of the great war now happily 
ended, scientific enquiry in all branches of industry has, since 1914, 
been stimulated to an extraordinary extent. Never before lias the 
value of agricultural science had such recognition. Statesmen and 
the public generally have come to realize the paramount importance 
of providing for the endowment of work connected with the develop¬ 
ment of agriculture on a scale commensurate with its great impor¬ 
tance, because they now see, as they never did before, that “ the 
countries which have made tlie greatest progress and which obtain 
from their soil the highest returns arc those which have mcreased 
their research institutions.” Denmark was obliged to do so after 
her defeat by Germany in 1863, and has, as the result, been able to 
increase the acreage outturns of her staple crops by 24 per cent, 
in the short space of a little over 50 years. Germany, foreseeing 
the possibility of being blockaded by the Britisli fleet in the event 
of a war with our country, had, for 40 years previous to the outbreak 
of war, been studiously organising her institutions for experiment and 



242 


AGRICULTUBAL JOUEINAL OF INDIA 


[XV, ni. 


research in agiiculture, with the result that, when war broke out, 
her resisting power came as a most unwelcome surprise to the allies, 
who had hoped to sap her strength by starvation. 

Let us now consider the position of agriculture in India and the 
possibility of our benefiting from the experience gained in other 
countries. The economic conditions which obtam at the present 
time in India resemble in many respects those wliich stimulated 
agriculture in England in the early part of the nineteenth century. A 
great war has again forced up the prices of farm produce to an abnor¬ 
mal figure. The industries of this country are being developed 
with phenomenal rapidity. The cost of farm labour is rising and 
will continue to rise, ft)r the new industries will continue to draw 
workers from rural areas. If they are to take full advantage of the 
golden opportunities which are noAV offered them, landholders in this 
couutiy will have to use labour-Siivii^g machinery on a much larger 
scale than formerly, and tliey will be obliged to adopt more intensive 
methods of cultivation all round, ilz^■olving manuring and irrigation 
on a large scale. 8o long as prices lemain at their pre.sent high 
level intensive cultivation will pay handsomely. Manures, for 
instajice, Avhioh Avere applied at a loss five years ago, can now be 
applied at a handsome profit. The present favourable position of 
the market for agricultural produce marks, in short, the beginnuig 
of an era of jiro.sperity for the cultivator if lie will but take advantage 
of his opportuni+'es. lie will have, however, to re-adjust in many 
ways his systeiii of agi'iculture. To be successful he 'will have to 
put more brains, energy and capital into his work ; and in this 
we hope tliat the larger landowners will, like the “ gentlemen ” 
farmers of Ei'gland of days of yore, take the lead in restripping and 
consolidating their holdings, and in developing the capacities 
of their own estates. It will be the duty of the department of 
agriculture to play its part by placing at their disposal the best 
possible scientific aizd practical advice, and in the slzortest possible 
time. I am confident that the Government of this country will 
play its part well, and that the laissez-Jaire policy, formerly adopted 
to the detriment of agricultural development in some countries 
in the West, will not be followed by statesmen in India. 
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Of the value of the work accomplished by the Department 
of Agriculture in India within the last 13 or 14 years the Indian 
Industrial Commission has written as follows:—The striking 
financial lesults which followed quickly and directly after the 
employment, from about 1905, of scientific specialists in agricultural 
research, demonstrate the wisdom of investing in modern science.” 
This is the unbiassed opinion of a body of men who had considerable 
opportunities of studying the facts on which they based their 
conclusions. The work which the department has already accom- 
plLshed is undoubtedly adding annually to the farming profits of the 
country a sum wliich exceeds its total annual expenditure many 
times over. The rate of advance, moreover, is likely to be very 
much greater in the near future than it has been in the past; for 
we now have a Ijackground of exact knowledge available which 
gives us a most useful basis for future progress. We have behind 
us, moreover, an enlightened government which has set its seal of 
approval on the work aheady accomplished, and which has deter¬ 
mined to make ample provision for further expansion. 

The achievement which has perhaps appealed most to the 
public is the introduction of superior varieties and strains of seed 
of the principal staple crops. To take only three of these, namely, 
cotton, wheat and rice, there is reason to belies e that aj)proximately 
two and a haH million acres of improved varieties of cotton, and one 
each of wheat and rice, are already being gn'—n. If the extra 
annual profit accruing from the cultivation of thcoe were only two 
rupees per acre even, it would mean in the aggregate a total extra 
profit of a 2 )proximately 90 lakhs of rui)ces, Avhich far exceeds the 
total annual expenditure on aU the departments of agriculture in 
India ; but the actual extra profit from the uitroduction of improved 
varieties of these tluee crops is at least four times the amount 
which I have stated. This, moreover, is ojily a fraction of what 
has already been achieved, for the activities of the department now 
extend over a wide field including not only crop improvements, 
but the iixtroduction of better and more intensive methods of culti¬ 
vation all round. The introduction of a one per cent, improvement 
here and of a two per cent, improvement there is, in the aggregate. 
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adding largely to the wealth of the cultivator, and ia fitting him for 
further progress. It is evident from what has already been accom¬ 
plished that the department should, within twenty years, be in a 
position to introduce improvements which will add many crores of 
rupees annually to the farming profits of the cultivators. 

The extent to which future progress can be guaranteed will 
very largely depend on the measures adopted by the Government 
of this country to secure an adequate staff of first class specialists 
in agriculture and the sciences allied thereto. We want the very 
best brains which the universities of the West can turn out, to 
help in the solution of India’s agricultural problems, and to help 
in training Indians for this great work. Nor should time be wasted 
in getting these, for to train research men and original experimenters 
effectively takes many years, and such men even when fully trained 
cannot reasonably be expected to produce results till alter years of 
careful investigation as a rule. Owing to the present shortage 
of staff our work is being carried on under great difficulties, and 
progress is retarded thereby. The value of the improvements already 
effected by a small staff has no doubt been surprisingly great; but 
let us not forget that up to the present w^e have tackled only the 
most obvious lines of improvement. We have merely scratched 
the surface so to speak ; for the new knowdedge w^hich is to add 
tangibly to the profits of the cultivator we shall liave to dig deeper. 
We have Jiot as yet, lor instance, given much attention to the 
question of cattle improvement by better feeding ahd breeding. 
Personally I am of opinion that this is one of our most hopeful fields 
of investigation, and I am confident that wonderful improvements 
can and will be effected within the next twenty years. 

Much has aheady been accomplished in the way of improving 
the staple crops of the country by selection and hybridization, 
and this has paved the way for further improvements by better 
tillage methods and manuring: but for better cultivation we require 
better implements. Some thousands of improved ploughs, cane 
mills and other implements are now in use in rural India; but the 
existing demand is, I am sure, a mere fraction of what it will be in the 
near future. It is the duty of the department to see that this growing 
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demand ia met aatiafactorily. It ia its duty, too, to assist 
manufacturers in devising suitable implements; to induce agri¬ 
cultural associations and unions to start depots for the demonstration, 
sale, liire and repair of types suitable for the tract for which they are 
required ; and to assist purchasers in setting up plants, if necessary. 
But here again wc are at present handicapped for want of a staff of 
specialists. Borne provinces have not yet obtained the services 
of an Agricultural E'^gineer, with the result that duties which 
ordinarily fall to such an expert are entrusted to Deputy Directors, 
very few of whom have had any training in mechanical engineering. 
We urgently require for esich province an Agricultural Engineer 
to help to devise and set up improved types of agricultural machinery ; 
and we want to get implements of the type required manufactured 
on a large scale in this country. 

Much of the cultivated land in India has almost reached the 
maximum state of impoverishment; a great part of the cattle 
manure, wlxich ought to go back to it, is burnt as fuel; and other 
available manures have not yet been used extensively. Indian 
soils over large areas have thus been starved for centuries, and are 
hungry, and therefore very responsive to manuring. It is largely 
due to the judicious application of water and manure that the 
crops obtaijied on Government farms are so much better as a rule 
than those of cultivators in adjoining villages. The testing of green 
manures, oilcakes, boires, fish, mineral nranures, etc., and the 
study of their relation to bacterial life in the soil have been started. 
The results already obtained indicate the great need there is of 
inducing the cultivator to do everything in his power to conserve 
his farmyard manure, and to supplement it by using other available 
mairurcs such as bones, oilcakes and green manures. In this the 
department can, and is giving him valuable assistance by advising 
him as to the kinds and quantities to apply, and by helping him to 
organize depots for the sale of manures which can be used economi¬ 
cally. It can assist, too, in establishing fuel reserves for the supply of 
fuel to villages ; for want of such reserves cultivators over the greater 
part of India are compelled under existing conditions to use the dung of 
their cattle for fuel. There is no other course open to them at present. 
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The damage done annually to our staple crops by fungal 
diseases and insect pests is enormous. Here again we have a 
promising field of investigation which, for want of staff, we have 
not as yet been able to explore at all fully. Much has been done Jio 
doubt in the way of studying the life-histories of these diseases and 
pests; but with the limited knowledge .at our disposal we are. not 
yet in a position to recommend remedial measures except in a 
very fewcjises. 

The conditions for fruit-growing in India are most favourable, 
and the subject is now beginning to get some attention from the 
department; but here again for want of exjjerts in fniit-growing 
the work is at present relegated to men who have no special know¬ 
ledge of the subject. The whole field of agriculture, in short, is still 
bristling with unsolved problems, which cannot l>e ijivestigated 
effectively for want of traijH'd sjwcialists in the dilferent branches 
of agricultural sciejice involved. 

The degree of s]>ecialization and of intensive concentration 
required for souikI research in the diiferent sections of the dej>art- 
raent is not ])ossibIe at present. The circle of the averag<‘ Deputy 
Director of Agriculture, for example, is so large and his duties so 
manifold that he can devote only a small fraction of his time to 
experiment and research without which real progress is impossible. 
From the results already obtained by our botanical ex])erts. who 
have devoted attention to the improvement of the .staple crojKS, 
there is but little doubt that it Avould pay haitdsonuJy to emjjloy 
in each province a sufficient number of first class botani.sts to deal 
with all the more important crops ; and the number of crops allotted 
to any one man should not ordinarily excc(;d two. TJiere arc 
undoubtedly problems enough in each ])roviucc to occupy the whole 
time of several such men. To put one man in charge, of more work 
than he can do efficiently is, in short, false; ecoiiomy, and this applies 
not only to Deputy Directors and liotanists, but to other experts 
as well. In ever}’’ section the mem cmpk>yed are too much distracted 
at present by the great variety of problems which they have to 
tackle. So long as we are understaffed, moreover, it will be im¬ 
possible for experts to give their assistants the specialized training 
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wliich is so necessary in the interest of efficiency. Farm Superin¬ 
tendents should, for example, be trained in experimentation, plant 
improveuv'nt and other lines of work entrusted to them before they 
are put in charge of experL ncntal stations ; and the men to be put 
in charge of demonstration and organization work should similarly 
be specially selected iiul trained for that class of work. 

If we neglect to make adetpiate provision for experiment and 
research, we shall soon<M or later find ourselves in the position of 
having nothing jiew to teach the cultivator; if givejx an efficient 
staff on the other hand, there is reason to believe that it will become 
increasingly easy to get him to adopt our teaching; for as a result 
of the Work which the depai-tment has already accomplished his 
confidence has been gained to some extent, and he is now more 
willing than ever he was to make use of new ideas. To get that 
teacdiing adoj)ted in the shortest possible time, we shall require 
many mf>re government farixis, and a more complete district organi¬ 
zation, including tahiq agricultural associations and unions, working 
under the guidance of the de]xartment. Each tahiq or tahsil of a 
province should have its own government farm to which cultivators 
could come for help and advice. From these farms they would 
get their supplies of improved seeds, manures and implements; 
and agricultural literature of interest to them might also be stocked 
there. The tahiq farm would be the centre for the meetings of 
the taluq agi-iiailtural association and for agricultural shows. It 
would be the centre, too, for agricultural education. Each farm 
might have its owi agricultural school Avhere the sons of landholders 
could be trained in the practice and principles of agriculture. The 
villages of the taluq might be divided into groups of ten or more, 
each group constituting an agricultural union which might have its 
own co-operative shop or depot for the supply of seeds, implements, 
manures, agricultural literature, etc. The taluq agricultural associa¬ 
tion Would consist of the office-bearers of these agricultural unions, 
while the members of the agricultural union Avould be the representa¬ 
tives of the ten or more villages included in the union. These 
imions would arrange for the sale and hire of implements m the 
villages and for the sale and distribution of other articles stocked 
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in their dep6ts. Each villi^e oi a union might have ita 
farms, its own stud bull or bulls, and ita own fuel reserve. To 
control this organization efficiently it would be necessary to have a 
mantling conamittee for each district with the Deputy Commissioner 
as chairman and the Deputy I^rector of Agriculture as agricultural 
adviser. The non-official members of the conmuttee might consist 
of representatives elected every year by the taluq associations. 
The duty of the committee would bo to define the ])oIicy to be 
followed by the taluq associations ajid iinions contr(»lleil by them, 
and to allot fluids for the demonstration work carried out by the 
unions. In order to provide money for this work (’acli luiion could 
be called upon to contribute part of its profit.s to a general fund. 
District and taluq agricultural agencies organized in this way 
would be the medium through which legislative meH.sures for the 
advancement of agriculture and tlu amelioration of the jK“(»j)le 
would be carried out. Through the.se agencies one or more model 
villages with consolidated holdings, sanitaiy hou.ses, schools, trim 
fences and serviceable roads could he laid out aud run as object - 
lessons for the whole taluq. A .sy.stem of demonstratimi and co¬ 
operation run on these lines would, I helievi*, hel]) to break down 
the barriers which at ])re.sent stand in tlie way of jn-ogress. 

In conclusion, I would ask whether it is too much to expect 
that within twenty years the department if adequately staffed will, bv 
patient, concentrated, and intensive investigation, have accumulated 
a body of knowledge in every bran.ch of agriculture which may 
benefit India tr) the extent of many crores of nri)ees annually. 
And is it too much to expect that, by working with and through 
the people, it will be possible to get them to ai)ply that knowledge ? 
In the past the department has had its successes and its failures, 
but its successes have been far greater than Provincial Governments 
ever anticipated. An era of still greater aticomplishment lies ahead 
of us. Our succiesses of the future, will, I am confident, surpass our 
highest expectations. The great task of recoirstructior. which lies 
before us is well worth all the energy and brains we can put into it; 
for on the development of her agriculture depends not only the 
nrostreritv of India’s manv millions of acrriculturists. but to a amitt 
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extent the lot of those engaged k d/hec industries depmdent on 
agriculture. Increased production will help to banish famine and 
poverty from the land, and to bring us near the realisation of our 
hope, namely, to make India “ a garden ringing with cheerful and 
contented life, with smiling fields and food in plenty.” 
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W. BURNS, D.Sc. 
Economic Botanist, Bomhi;/. 


About a month ago I received from the Secretaries of this 
Congress the invitation to take the place of Professor Fyson of 
Madras as Chairman of the Botany Section. You will, I am sure, 
join me in expressing our dee]) regret that Prof('ssor Fyson is 
prevented by ill-health from joining us. We miss him, and we miss 
his address, but we hope that on some future occasion w(* shall 
have the pleasure and instraction which a ])r(mouncement by 
him is sure to afford. Meanwhile, we wish his s])eedy return to 
health. 

In the very short time at my disposal I have attemj>ted to j)ut 
together a few thoughts on “ Some Aspcts of l^lant Ccnetics.” 
The scientific study of plant genetics is not of \'ery ancient date, 
and, in this country, the work done is still of moderate dimensions. 
There is, therefore, some possibility of taking stock of our achieve¬ 
ments and of estimating future progress in this branch of botanical 
science, 

I am not forgetful that this is the section of pure botany, and 
that matters affecting agriculture and applied botany are dealt 
with by another section of this Congress. But I myself, in my pro¬ 
fessional capacity, am somewhat of a hybrid between a i)ure and 
an applied botanist, an F, hybrid, if one might so express it, with 
applied botany partially dominant. I trust that the partially 


•Presidential Address to the Botany Section of the Seventh Indian Science Congress, 
Nagpur, 1920. 
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receissive character of pure botany may in this address be a little 
in evid^ce, even if tinged and modified by the stronger allelomorph. 
In this connection I would quote the following words ^ of Professor 
John M. Coulter at the Baltimore meeting last year of the American 
Association for the Advancement of Science: 

“ In the days ahcrwi, the botanist who remains narrow will be 
stranded. We must recognize ui every field of botany an important 
factor in the solution of problems. A man is expected to think 
his own field the most important, but if he thinks other fields un¬ 
important, he has blocked his own progress and is bound to move 
i)i ever narrowing circles. One of the demands upon us, therefore, 
is to cultivate the synthetic attitude of mind; to develop about 
our own specialty a penumbra of the botanical perspective. In 
other words, botanists must cease to be provincial, they must 
not be citizens merely of one small group, with no larger contacts, 
but citize]is in the world of science. We must not remain persis¬ 
tently in the narrow valley in which our work lies, but we must 
get on to the mountain top often enough to realize the perspective. 

“ The new opportunity demands this; in fact, it was this that 
created the new opportunity. This means that we are to see to 
it that botany is recognized as the greatest field for universal service. 
Medicine holds that opinion now in public estimation, simply 
because it ministers to the unfortunate, but they are in the minority. 
Botanical research underlies an essential ministry to all. Disarti¬ 
culation of botany from its practical applications has been most 
uirfortunate and must not be continued. What we have failed 
to do is to establish the contacts between science and practice, 
to indicate the possibilities of every advance in knowledge in the 
way of public service. 

“ This is very far from meaning that every investigation ^ould 
have an obvious practical application. Research must be absolutely 
free, stimulated only by its interest in advancing knowledge, but the 
importance of fundamental knowledge in solving practical problems 
should be emphasized at every opportunity.” 


> Science, April 18,1919, pp. 364-365, 
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Do not, I pray you, take these words which I Iiave quoted as a 
criticism. I pass them on to you as a stimulus to tha* broad scien¬ 
tific scholarship and healthy co-operation which in these specialist 
days is all the more necessary. And I would also remind you that 
while the specialist brings the material, it is the scientist of larger 
outlook who can from special facts build up those generalizations 
that give coherence, meaning and power to tmr knowledge. Different 
men have different talents, one may be an ideal investigator and 
another an ideal interpreter, but the investigator will be none the 
worse of a knowledge of what is going on in branches other than 
his own, nay, he will bring his rough material at least a little hewn 
and squared for the final building. 

Plant genetics (or the study of heredity in ])lant8) is one of 
those subjects in which fundamental scientific li-uths discovered 
or in process of discovery by pure scitmtific workers have been of 
immediate value in their practical a])])lication. It is, lunvever, 
the case that the progress of research in genetics is in .iMlvanc<> 
of the degree of use to wliich the truths discoveix'd can !«' put. 
There is no fear of genetics degeneratii'g ij)to a mere me(^hauical 
art, if such there be. Again, it must be remembered that much of 
the earlier material for the study of gcneiics cunu' from the records 
and experiments (crude though both were) of men who were not 
scientists, but practical breeders. Genetics, thcrefon*, is one of 
those branches of science where, if anywhere, there should exist 
the most understanding and cordial co-operation between the 
pure and the applied scientific workers. 

Let us look for a little at the historical asjiecit of jilant g(‘n(‘tics. 
I do not propose to rejicat in detail facts which an* so well ])ut in the 
various histories of botany now available. 'Flic citation of a few 
names will serve to recall to you the general trend of work in the 
past. Previous to or contemporaneous with Mendel (whose main 
work, you recollect, was published in the middle of the nineteenth 
century) we have among practical breeders Van Mons of Louvain, 
who originated many varieties of pears; Knight of Britain, also a 
horticulturist; tShirreff, a Lothian farmer and originator of valuable 
varieties of cereal crops; Cooper, an American and a discoverer 
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of tlic benefit of selection as against mere " change of seed.” Among 
pure scientir.ts T may cite the names of the hybridists Kolreiiter 
and Giirtni r, assidnous experimejik^rs ; (-harles Darwin, than whom 
no more ])ainstakit)g or successful compiler of information ever 
existed; and lastly Mended himself. With the re-discovery of 
Mendel’s ^vork and tbe fact of its standing the test of repeated 
ex})erimeuts began tlie new era in the, study of heredity. The term 
(lenetics, happily devised l)y Bateson, is now applied to this new 
branch of bioV>gical science. Bateson, Punnett, Biffen. the lamented 
Darl'ishire and others have built up this branch of the science in 
Britain. America juovides a legion of enthusiastic workers whose 
])roductio]>.s bid fair to outstrip those of any other natioji. On the 
Continent there are many pioneer and famous workers whose names 
are household words wlierever biology is studied. A glance at the 
membershi]) of the International Conference of Genetics will refresh 
your memory. In India such work as has been done in ])lant gene" 
ties has been mainly (but not entirely) due to the botanists of the 
Departjuent of Agriculture. There is no reason, however, why such 
work should be confined to them, and eA’ery reason against it. On 
account of their l>eing members of an agricultural de2)artment their 
work on genetics is naturally confined to plants of economic impor¬ 
tance. There are thousands of other plants iu'e.senting new and 
fascinating genetic ]*roblems that Avould amply repay the research 
of those who are not bound to deal only with agricultural plants- 
And, again, there is no reason why botanists of the department of 
agriculture should not welcome co-oj^eration in the study of agricul¬ 
tural j)lants from those not in the department. Professor Fyson ’ 
some tinw^ ago jniblished a useful pajrer on heredity oi^ cotton, 
ajxd I propose in a later part of this paper to init before you some 
problems in which I believe all can lend a hand. From the side of 
practical usefulness, or from the side of the search for fundamental 
tnith, there is a large field in India forgenetical investigation. We 
have the added advantage of being able to grow in the open air many 
plants that can live only in glasshouses in Britam and most parts 

> Fyoon. P. F. Memoirn of the Ikpt. of AgricvUiire in- India, Bofnnicnl Sffiti, Vol. II, 

No. 6. 
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of America and the Continent, and therefore a great incentive to the 
study of such plants. 

An additional reason for the study of plant heredity experiment¬ 
ally by non-agricultural botanists is the fact that the subject of 
heredity in plants and animals now figures in the science syllabus of 
most of the Indian Universities. Actual material is necessary for the 
instruction of the student and the enlightenment of the teacher. 

This brings me to the second aspect of plant genetics with 
which I desire to deal, namely, its educational aspect. At this 
stage in the world’s progress and in the progress of India, it is surely 
unnecessary for me to insist on the desirability of training in .science 
as an essential part of all education. Yet old prejudices die slowly. 
The eloquent words of Huxley ^ put the matter concisely, and are 
worth requoting : they serve once again to bring before us the main 
end that the study of plairt gejxetics and of other sciences ought to 
serve in education. 

“ Yet it is a very plain and elementary truth that the life, 
the fortune, and the happiness of every orre of us, and more or 
less of those who are connected with us, do depend upon our know'ing 
something of the rules of a game infinitely more difficult and com¬ 
plicated than chess. It is a game which has been playerl for untold 
ages, every man and woman of us being one of the two jxlayers 
in a game of his or her own. The chessboard is the w'orld, the 
pieces are the phenomena of the universe, the rules of the game 
are what we call the laws of Nature. The player oh the other aide 
is hidden from us. We know that Iris play is always fair, just and 
patient. But also we know, to our cost, that he never overlooks a 
mistake, or makes the smallest allowance for ignorance. To the 
man who plays well, the highest stakes are paid, with that sort of 
overflowing generosity with which the strong shows delight in 
strength. And one who plays ill is checkmated—^without haste, 
but without remorse. 

“ My metaphor will remind some of you of the famous picture 
in which Retzsch has depicted Satan playing at chess with man 


* finxiey, T. H. Lay Setmtms, Euaya and Seviewa, 1870, pp. 36-37, 
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for liis soul. Substitute for the mocking fieii4 in that picture a 
calm, strong angel who is playing for love, as we say, and would 
rather lose than win—and I should accept it as an image of human 
life. 

“ Well, what I mean by education is learning the rules of this 
mighty game. In other words, education is the instruction of the 
intellect in the laws of Nature, under which name I include not 
merely things and forces, but men and their ways ; and the fashion¬ 
ing of the affections and the will into an earnest and loving 
desu-e to move in harmony with those laws. For me, education 
means neither more iror less than this. Anything which professes 
to call itself education must be tried by this standard, and if 
it fails to stand the test, I will not call it education, whatever 
may be the force of authority or of numbers upon the other 
side.” 

It behoves us botanists, as enthusiastic believers m this doctrine, 
to push it at e\'ery opportunity. In our capacity as teachers, mem¬ 
bers of the governing lx)dy of a college or a university, or merely as 
private citizens we should do our best at every turn to get this idea 
worked into the fabric of Indian education which still suffers from 
the very faults against which Huxley inveighed. We desire above all 
thurgs firmly to establish in the human mind that belief m causation, 
the inevitable chain of events, that makes a man free of superstition, 
able to Weigh evidence and arguments, and amenable to reason. 
Such characters make for good citizenship and for personal and 
business morality. I would not weary you with quotations, but I 
would commend to your attention the very full treatment of this 
matter given by Karl Pearson, himself a geneticist, in the first 
chapter of his “ Graimnar of Science.” The study of genetics is of 
value also as an introduction to sociology. Eugenics is the genetics 
of the human race. In genetics of plant or animal, problems of 
heredity and environment meet the student at every turn and the 
methods of attacking these are of use in his further work in sociology 
and eugenics. We desire, therefore, for these reasons to broaden 
the circle of those who appreciate genetic laws, and this can be done 
only if genetics forms a part of education. 
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I am uot prepared to give a dogmatic opinion as to the stage at 
which genetics should be introduced into education, but 1 would 
observe that a teacher, himself trained in genetics, will be able iu 
the course of an ordinary school Nature-study course to lead his 
pupils to observe some of the salient facta of heredity and environ¬ 
ment. Caution and tact are, of pourse, essential. It will not do 
at all if we fold the said teacher expounding Mcndelian ratios to 
his bewildered class. But there are many facts of variation, a great 
majiy of adaptation, tuid a certain number of inlieritanco that can 
be quite well employed. 

In our college and university <?ouises the matter should be dealt 
with as fully as possible, and that “ possible ” can be very lull 
indeed. This can only be, however, if the college or uniN'ersity is 
provided with some place where j)lants can be multiplied, reared and 
observed in successive generations. A sine qna non of a motlern 
botanical installation ought to be a breeding garden including a 
plant house for plants that need jirotectioji, and if no other space 
is available, some part of the existing botanical garden should be 
given up to this purpose. The teacher must, of course, ])e able to 
glow his plants successfully. Although he may iml l)e much of a 
gardener to begin with, the failures of one season will helj) him in 
the next, and it will not be long before he can grow anything with 
roots, and teach his students to do the same. 

As one who has had a little experience in the teaching of plant 
genetics as part of a college course, I may ])c permitted to indicate 
one or two important points and some difficulties in this teaching. 

For the study of variation we are .surrcmnded by endless material. 
The leaves of the fig, mulberr)' and other trees give us examples of 
extreme leaf variation in the same tree. Ajiy field of an annual 
crop will provide material for the study of variation between indivi¬ 
dual plants in height, colour, productiveness, etc. The students 
should weigh or measure a series of natural objects and the total 
results of the work of the class can be put together and plotted to 
show the fj-equency curve. Heed of extreme and mediocre samples 
from self-fertilized plants can be saved for the study of the next 
generation. Without some such practical introduction I have 
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foluid ifc difficult to get men to understand tlie curve of frequency 
and, as its explanation must necessarily come very early in the 
whole subject of genetics, ina]>ility to grasp its significance means 
disheartenment and cessation of interest and progress. I am 
inclined to think that the mere mathematical part of plant genetics 
should be hdt to a little later i)i the programme. If too much 
of this is given at the start the student is both frightened and bored, 
lie asked for plant gtnetics, and behold mathematics. After some 
of the more interesting work we can again recur to the mathematical 
aspect and the student will be more able and willing k) deal with it. 

A ke(‘n look-«)ut should be kept for mutants, so that students 
may see actual examples of these. TJjdess one kjiows the pedigree 
of a given culture, oixe cannot, of course, say that a given aberrant 
plant is a mutant, but aberrant plants found in otherwise homo¬ 
geneous cultures where vicinism is unlikely may be called mutants 
unless their j)osterity shows otherwise. Ornamental garden annuals 
are tlu' last material to b(‘ used for this study as they are the result 
of lo))g ])ro(i('sses that, jnobably iu(-hided crossing and hence an 
aberrant ])lant may be merely the result of a heterozygote splitting. 

Thc> stinly of Jiatural self-pollination and cross-pollination 
can b(‘ (nirried out with ease on ajiy large-flowered plant. The 
.iralvacea; pr(‘S(mt an admirable series for tin's purpose. I would 
solicit youi’ attention to the admirable teaching material that may 
be extracted from certain memoirs of the agricultural department 
dealing with this subject. 

Plants of the i\raK acea) and plants of the Leguminosa) can be 
used for hybridization practice and to illustrate the law of Mendel. 
It is, of course, necessary to be sure that one is dealing Avith pure 
homozygous parents, and this can only be ascertained if one breeds 
the plants for at least a gejieration from self-fertilized seed. 

Maize offers many interesting and easily demonstrable points. 
There is also a large literature about the genetics of maize. In 
maize, crosses between plants with different endosperm show the 
xenia effect ui the cob of the female parent and the selfed Fj plant 
Avill show the Mendelian ratio in its cob. A cob with many tyjies 
of seed on it, not an uncommon phenomenon, offers an excellent 



258 


AGMOULTIJRAL JOtTRNAL Olf INDIA 


[3tV, nl. 


staitiug point for the isolation of its constituent races. The only 
difficulty about maize is its tendency to degenerate when repeatedly 
self-fertilized. Its great advantage, in addition to those mentioned, 
is the great number of generations that can be crammed into one 
year. Li the dry season the plants need a very heavy manuring to 
prevent premature flowering and perhaps the failure to form female 
inflorescences. 

For the expounding in the lecture room of Menders law and its 
efiects various devices have been invented. Here is one that I have 
been instrumental iu mtroduciug. The apparatus is two packs of 
ordinary playing cards. These are familiar objects to the students, 
and their appearance on the lecture table of a staid professor excites 
a certain amount of amusement and the necessary interest. The 
black and red are supposed to be the allelomorphic pair, black being 
dominant to red. The union of a black and red gamete is easily 
shown and the character of the F, hybrid is shown by a black card 
hiding a red one. The gametes of the Fj hybrid are represejited by 
a pack each. One pack being the female and the other tlie male 
gametes. The essential part of the demonstration is the very 
thorough shuffling of each pack. I usually get tlnec students in 
succession to shuffle each pack. In fact I let the students carry 
through the whole thing so as to avoid any appearance of any 
other agency than chance. One card is then taken from each 
pack and each pair is classed under one of four heads Black-Black, 
Red-Ked, Black-Red, Red-Black. In theory there ought to be 13 
under each head. This fairly often comes out. If it does iiot, 
one has an excellent opportunity for explaining the nature of chance, 
and showing how with a larger number there is a greater likelihood 
of gaining the theoretical ratio. Coloured counters or beads may be 
similarly used. The mating of plants differing in two pairs of 
allelomorphs can be worked out by using beads differing in colour 
and in shape, tied together in the appropriate pairs. These may 
then be mixed in a bag and brought out in a maimer similar to that 
used for dealing with one pair of allelomorphs. 

An interesting method of explaining Mendelian phenomena as 
distinct from demonstrating them is that described by Professor 



S014E ASfEOTfS OF FLANf OENEflCS 


^9 


Loye Holinea Miller^ of the State Normal School, Los Angeles, 
California. He reasons thus : 

" Practically every high school graduate has had at least a 
year of algebra and has leaii^ed by rote the square of a + 6. 
Whether or not he remembers that + 2a6 represents all the 
possible combinations of the two factors, he is in a position to be 
reminded of that fact and to take the first short step into the unfami¬ 
liar. If a and b represent the two types of gametes produced by the 
heterozygous parents Fj, then or -|- 2ab -1~ 6^ represents all the 
possible progeny in the Fo generatioji. Factors of second power 
represent pure strains, because the determiner is the same from both 
parents. Conversely, factors of the first power represent hetero¬ 
zygotes or the union of unlike determuiers. 

“ The greatest service of the method appears when the two 
sets of allelomoiphs are combined. The student has learned to 
multiply -1- 2ab -j- b~ by the expression -j- 2'xy -f y^. He will 
perform the operation as one familiar to him and he can readily 
be taught to recognize the four pure strains y^, W a^, 6^ y^. 

Suppose a and y represejit the dominant characters and b and 
X the recessivcs, emphasizing the fact that the dominant is effective 
whether appearing as a first or as the second power. Suppose a 
represent tallness and y represent red fioAver in a plant. Gathering 
the results of the multiplication according to visible attributes 
Ave have four columns representing the Mendclian ratio 9 : 3 : 3 : 1. 

Tall whito Dwarf red Dwarf white 

a-'.\-“ l)2y2 bV 

2 ab\- 2 b®xy 


Tall red 
2 a'^xy 
■1 abxy 
2 abyS 


This is only one of many devices all alike fundamentally, but it has 
the great value of utilizing a familiar process. Many times I have 
seen it clear up a badly fogged situation. It is worth trying on the 
discouraged pupil at any rate.” 


* Hcitnce, February 11)19, 14S-149. 
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I believe it to be an excellent metbod to have large scale pictorial 
records of the progeny of a selection or a cross through several 
generations and hang them on the wall of the genetics laboratory. 

Practical work in a genetics course must obviously run for two 
years and must involve the study of variation, the isolation of types, 
the selection of plants and the stxidy of their progeiiy, the technique 
of hybridhzation, the study of the progeny of hybrids, and the 
methods of recording breeding work. 

Much observation of a completely new tyj^x' can lie done on 
floral mechanism and floral physiology. The observation of the time 
of opening of flowers, timeof iuithesis, time of ripetiing of the .stigma, 
fertility and longevity of pollen, period between pollination and 
signs of fertilization, etc., afford admirable educational tliscipluie. 
The observation of the openuig times of some flowers may invoK e 
getting iij) once or twice during the night, and this should iiot be 
shirked by advanced students. 

For students who intend to present an M.Sc. thesis J can imagine 
no more fertile subject than plant genetics, provuled the material is 
carefully chosen and the work well guided. 

AW are now fortunately much better oil for text-books than we 
were a little wliile ago. There is a new edition of Punnett’s “Mendel- 
isra,” and Barbishire’s book on the same subject is of great use. 
Fi'om America we have the useful “ Plant Genetics ’ of (,'oulter 
and Coulter, also Babcock and Clausen’s “ Cenetics hi Kelation to 
Agriculture,” and Coulters’ “ Fundamentals of Iflant Breeding.” 
There are at least two journals devoted to its more se\erely 
scientific side, and we have the invaluable " Journal of Jl<‘redity,” 
the organ of the American Genetic Association, which is a jniceless 
possession to the teacher of genetics. I notice that Babcock and 
Clausen have made free use of material that has appeared hi its 
pages. 

I think I have said enough to demonstrate the value of plant 
genetics as an instrument of education and to show how this instru¬ 
ment may be wielded. The study of plant genetics lets the student 
see the plant in action and it allows him to play with life in a manner 
afforded by no other branch of the science of botany. 
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Waut genetics is a subject, however, that can be easily spoiled 
by putting the theories first and the evidence second, as is too often 
the practice. 1 would (piote to you in this connection the following 
words of one whose assistant I had the honour to be—^Dr. 
Frederick Feeble ^: 

“ The first duty of a teacher (is) so to select ajid present common 
facts that the essential generalizations which cohere them into a 
scientific system, either .^.iiggest tiiemselves to the mind or, at all 
events, appear natural and convincing when the teacher is compelled 
by the defectiveness of his method or the indifference of his students 
to expound.” 

In concluding our study of this aspect of the question let me put 
before y*ou as a goal that which Mc( 'urdy 2 informs us was the 
aim of Leonardo da Vinci, that great, free spirit of the 15th Century; 
■■ It was the oramiiuig fetter of mediaeval traditioji upon thought 
which Leonardo tried to luiloose. It was his aim to extend the 
limits of man's knowledge of himself, of his structure, of his environ¬ 
ments. of all the forms of life around him, of the manner of the 
building uj) of the earth and the sea and the firmament of the 
hea\'ens. To tliis ejid he toiled at the patient exposition of natural 
things, steadfastly, and in proud confidence or purpose.” 

Plant genetics, in its utilitarian aspect, means the production 
of new ajid better plants, and the keei)ing of these uj) to standard. 
This aspect of the work has been very Pidly reviewed by Sir Daniel 
Morris in his address to the Botany Sectioji of the British Association 
for the Advaixcenunt of Scieiice last year. There are one or two 
additional points, howc'ver, that I should like to put before you, 
both as regards work clone and as regards possibilities for further 
work. 

Bergson,* treating of the livuig body in general, says: 

“ It is an indimlml, and of no other object, not even of a 
crystal, can this be said, for a (Crystal has neitlier difference of parts 
nor diversity of functions. No doubt it is hard to decide, even 


* F. K (et-blp) ii) Xtitiirr. So)>U‘n>bi’r, 1919, p. 41. 

® MoCiirdy, E. Ltunnnlo du Vinci'g Kolebookg, 19C(>, p. 10, lulroduclion. 
}lur){8on, Henri. Creative Evoluthn (tianAation by IklitcheU), 1911, p, 10. 
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in the organized world, what is individual and what is not. The 
difficulty is great, even in the animal kingdom; with plants it is 
almost insurmountable. This difficulty is, moreover, due to pro¬ 
found causes, on which we shall dwell later. We shall see that 
individuality admits of any number of degrees, and that it is not 
fully realized anywhere, even in man.” 

My preceptor, Professor Bayley Balfour, puts the same idea in a 
formula by stating that the plant is a colonial organism. Its various 
parts are to some extent independent of each other, and isolated 
parts can reproduce those missing. It is not to be wondered at, 
therefore, that we find these parts varying among themselves, nor 
that such variations are at times inherited. I refer, as you per¬ 
ceive, to hud variations. It is a well-known fact that a bud on a tree 
may give a branch the leaves, flowers and fruit of wliich are different 
from those of the rest of the tree, and that these peculiarities may 
be transmitted to the next generation either vegetatively or sex¬ 
ually. Varieties of sugarcane have been observed to arise by this 
method, and changes in the fruit of trees have l)een observed to 
follow such bud mutations. It is particularly with reference to the 
study of bud variation in Indian fruit trees that I think a great 
deal of work can be done. These variations may be useful or harm¬ 
ful from the practical point of view. Care is needed in weeding out 
the harmful and preserving the useful variations. Let me cite to 
you, as an example of the kind of work I mean, what has been done 
on the Washington Navel Orange, a variety which is the mainstay 
of the Californian citrus trade. 

‘ The following facta are culled from articles that have appeared 
from time to time by fruit experts in the pages of the “ Journal of 
Heredity.”! 

The navel orange, as its name implies, is one that has a peculiar 
umbilical protuberance at the stigmatic end. The Washington navel 
orange originated at Bahia, Brazil, as a bud variation of the 


* .Jmmal of Heredity : Vol. VI, No. 10, “ Washington Navel Orange,” by A. D. Shamel 5 
VoL VII, No. 2, “ Bud Variation,” by A. D, Slianiel; Vol. VII, No. 10, ” Forgotten Bud 
Variations,” by L. B. Scott; Vol. VII, No. 11, ”Co-ojicration in Production of Califoniia 
Grape Fmit, afton. 
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Portuguese variety of orange, laranja selecla, or tlie select orange. 
This variety, says Shame!, whom I quote, was undoubtedly 
introduced into Brazil very soon after the colonization of that 
country. According to V. A. Aigollo Ferrao, one of the agricultural 
oflSicials of the country, the navel orange appeared as a bud variation 
of the sekcta variety aiid was discovered and propagated by a 
Portuguese gardener at Bahia about 1822. This account of its 
origin has been confirmed by all other available information. 

Here, then, we have an authentic case of a valuable fmit arising 
by bud variation. The orange is seedless, has this peculiar navel, 
and is of excellent quality and appearance. The Bahian navel 
orange as above described was introduced into the United States 
through the efforts of William Saunders, then Horticulturist and 
Landscape Gardener for that division of the Patent Office corre¬ 
sponding to the present United States Department of Agriculture. 
The first consignment of trees died on the way, but the second got 
through, though in poor condition. Buds from these were propagat¬ 
ed on seedlings of the same variety grown from seed that Saimders 
had acquired separately. Trees were ready for distribution in 
1873 and a Mrs. Tibbetts of Kiverside, California, got two of these. 
From these two trees has sprung the Californian industry, for the 
budwood from new plantations was taken from them. In 1915, 
there were about 100,000 acres under this variety in the State. So 
far so good. We have here an excellent variety, originating as a 
bud variation, propagated by vegetative methods, the whole popu¬ 
lation of these trees in C'alifomia forming two “ clones.” A “ clone ” 
is a race propagated vegetatively from one source. One would 
have thought that the growers’ troubles were ended. 

Very far was this from the case. It soon began to appear 
that within the variety now named Washington Navel by the 
growers there were various types of tree, distinguished by habits 
of growth, density of foliage and other characteristics. In addition, 
there appeared to be a steady and unaccountable deterioration in 
the trees of new plantations and in the fruit of these. Careful 
investigation by Shamel revealed the fact that there were eleven 
common types of the navel orange in California in 1909, and of 
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these the most imdesirable from the standpoint of fruit production 
were those showng tlie greatest vigour of groAVth. Tiiese undesirable 
trees produced in great quantity thick succulent branches, the so- 
called suckers, from near theii- base, and these branches had been 
freely used, nay, actually selected as the source of budwood for the 
preparation of new stock. The reason is not far to seek. As every 
gardener knows, one wants a big bud, from a roun.d stem with an 
easily separable bark, and these requirements were met by the 
sucker growth. The evil effect can be easily imagined, namely, 
the new plantations were nearly filled w'ith these “ drone ” trees, 
and Shamel records cases of plantations in wliich as many as 70 
per cent, of the trees were of this })ad type. 

Now whence had these eleven types arisen, including the. evil 
drone types ? Obviously from further bud variation, for the 
orange is seedless and is never propagated except by buds. 

What was the remedy ! Obviously, to select the best of these 
variations and take budwood from that only. How w'as this best 
variation to be selected ? On the same basis that one selects a good 
cow, by perjorrmuce. Performance records were therefore kept for 
several years of the fruit production and quality of individual trees 
and blocks of trees, and on this basis trees for fruit propagation 
were selected. A drastic change w'as also introduced by usiirg, 
for budwood, not the fat juicy sucker, but the wdry twdgs just at the 
back of the fruit growth of the current year. This may seem batl 
horticulture, but it has in practice proved brilliantly successful, 
and Shamel states that a certain co-operator budded more than 
13,000 orange seedlings with such budwood in 1914 and only two of 
these failed to grow. 

The Californian growers of grape fruit (otherwise the pomelo) 
have gone a step further. Jn the grape fruit the same difficulty 
arose and the same remedies have been found successful. The Grape 
Fruit {!lub, one of the growers’ organizations, has decided to eliminate 
from their groves all varieties except the Marsh (the most useful 
variety) and further to eliminate all Marsh except one type. By 
this means they will standardize the product of all the members 
of the club with great advantage to both producer and consumer. 
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Similar problems present themselves in the citrus groves of 
Tjidia. The gardener, and the plant breeder also, are sometimes 
apt to think that within a clone ])urity must reign and variation be 
abolished. The experience of those who investigated the Washing¬ 
ton navel orange was, as we have seen, quite otherwise. A walk 
through any orange grove, on this side of India will show yon that 
here too bud variation does occur, and I commend its study to future 
investigators. Tree differs from tree, branch from branch and even, 
occasionally, fruit from fruit on the same })ran.ch. The matter 
is one of common observation among the illiterate cultivators 
themselves. There is here a clear field ff)r an inviting and useful 
research, and we have a good lead from the American work as to 
how to deal with tlie in'obleiu. 

Another phenomenon on which as yet little work has been 
(loiic in India is that of the seedlessness of fruits. Seedless fruits 
are in many oases extremely desirable. The guava, for example, 
is s]>oiled by tlie multitude of extremely hard seeds that occupy 
such a large part of its pulp. There is a belief current amoi*.g guava 
cultivators in Pootia that repeated vegetative pro})agation of the 
guava tree will reduce the number of seeds. This belief was experi¬ 
mentally tested by my assistant, Mr. L. B. Kulkarni, L. Ag.. who 
layered the guava repeatedly and tested the guava fruits got from 
each successive layer gejieration for number of seeds. This experi¬ 
ment was carried to the third layer generation without effect on the 
seed number. 

Some years ago I advertised in several JieAvspapers for seedless 
guava trees, and received many so-called seedless trees, all of which 
produced fruits bearing seeds. Paces of guava trees do, liowever, 
vary immensely in the number of seeds produced, aiul a 8ind variety, 
now recommended ajid propagated in the Ganeshkhind Botanical 
Garden, Poona, has a very small number indeed. It may be pos^le 
to get at tliis seedlessness by selection of trees or buds within this 
variety. 

Another possible way of attacldng the problem is by a cross 
between different species of the genus Psidium to which the cultivated 
guava belongs. A fruit-producing but seedless guava may in this 
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way be produced. This method has been tried by my assistant® 
but as yet without success. 

Similar improvement is desirable in the custard apple {Aiiom 
sqmmosa), also an excellent fruit .spoiled by large and numerous 
seeds. 

The seedlessness of the cultivated banana (Mwa sapienrvm] 
is a subject of interest genetically, especially considering the free 
seeding character of the wild species {Mma mperba). Apparently 
fully developed seeds do occur occasionally in edible bananas, more 
especially in certain varieties. Fawcett ^ mentions that seeds were 
I secured when the pollen of the red banana was dusted on the stigma 
of the ordinary banana at Hope Gardejis, Jamaica, but that the 
hurricane of 1903 levelled the plantations before the seeds were ripe. 
Apparently there has been no further Jamaican experiment. 
Experiments made by myself and my assistants in Poona in 1910 
showed that seeds were produced in small quantity in fruits of 
Musa sajderUum when pollinated by pollen of Mtisa superha. The 
viability of these seeds was never tested as they were lost, and 
war work afterwards prevented the repetition of the experiment. 
Seeds occurring in the IVIhaakel variety have been dissected by me 
and found to be mere hollow shells. It is an established fact that the 
fruit of Musa sapientum develops without the stimulus of pollen. 

All this does not give us much light, however, on the cause of 
banana seedlessness. Tischler ^ found that three races of banana 
investigated by him had different cluromosome numbers, namely, 
8, 16, and 24. He found also that with increase in chromosome 
number appeared a derangement in pollen development. Abnormal 
tetrads and nuclei were thus formed, but some of these could give 
normal pollen tubes. The numbers of chromosomes given above 
were the reduced numbers. In somatic cells pro-chromosomes, by 
which name he called centres sharply defined by hsematoxylin, 
scarcely ever indicated a diploid nucleus, but there was a tendency 
for two or more to fuse. 


’ Fawcett, W. The. Bnnam, 191,1, p. 18. 
MIS. 
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1 have made a considerable number of careful sections of the 
ovary of Mnsa sapientum at dilfeient stages of growth of the flower, 
but have failed to observe an embryosac. I was unable to complete 
this study (»wing to the w'ar and «<o leave, but the whole iudicationa 
were of a feebly developed or missing embryosac. 

Beccari.^ writing of the origui of the cultivated banana, 
says: 

“ The wild varieties ar" almost wdiolly seeds, but what pulp 
exists is sweet and agreeable. It therefore only requires some 
agent to inhibit the grow'th of seeds and promote that of pulp to 
produce good bananas. Effective causes are sterility produced by 
hybridization and improvement by asexual reproduction.” 

Now'this airy disposal of difficulties does not at all meet the hard 
facts of the case. We have already seeji that in guava repeated 
vegetative pro])agation for tliree generations does not alter the 
number of seeds. Second, I fail to see how you are to propagate 
Miim sujrrbd vegetatively, for in all the places where I have seen 
it, it produces jio suckers. It may be different with other wild 
seed-bearing varieties, of course. Next, the question of hybridiza¬ 
tion. This is po.ssil)le, of course, but no one has yet produced a 
seedless Mvsa from fw'o seed-bearing species. This remains to be 
done. The abnoraial iiature of the pollen would seem to point 
to some gi’eat disturbance of the germ celjs and tliis might possibly 
Ix' due to a wide cross. On tlie other hajid it might bo only a muta¬ 
tion affecting cliromosome number, like Oenothera lata from 
0. iMmurckiana. 

The matter is, there fore, one on which we have no exact ijiform- 
ation, and is complicated by the statement of Baker^ that Musa 
FeM, which grows widely in Tahiti, is seedless at the lower levels 
of the forests but bears seeds wdien found at higher altitudes, say 
3,000 to 3,600 feet. 

I submit that the problem of seedleasness in fruit is one for 
the investigation of w'hich much material exists, little work has 
been done, and great rewards are in readiness, 

1 Beocari, Odvardo. Xelk FinesU di Borneo Firenze, 1902, p. 611 
« Baker, J. G. Annah o/ Botany, VII. 204, 



^8 ASBHJULTUBAL JOURNAI. Of I^U 

The question of the inheritance of sex in plants presents itsejf 
to us in our indigenous plants papaya {Carica jmpaya) and Indian 
hemp (Cannabis sativa). Just as in considering the question of 
seedles.mess we very soon got away from tlie jmrely utilitarian 
aspect and found ourselves in the rarefied atmosphere of pure truth, 
so here also we very soon fiiid that the practical application of the 
research awaits entirely the disinterested labours of the pure scien¬ 
tist. In the case of the papaya we at juesejit can see no difference 
bet^^'een the male, hermaphrodite aiid female trees until they 
flower. If some means of distinguisliing them at an early date 
were found, mucli useless planting and much loss of labour, water 
and manure would be prevented. ()r if a race of pa])ayas could be 
produced with a very large percentage of female trees, a great boon 
would be conferred on tropical fruit growers. But both luoblems 
still await solution. 

Investigation has been done by Higgii's^ and Ifolt in Hawaii, 
and by my assistant, Mr. L. B. Kulkarni,® L. Ag., in this country. 
The result of such enquiry up to date is about as follows: The 
papaya shows trees purely male, trees purely female, ai>d se'veral 
types of hermaphrodites. Of these hcrmaj)hroditcs there are at 
least two clearly defined types, namely, (1) a ty})e which produces 
occasional fertile flowers on a long iKnluncle bcarii g for the moat 
part male flowers; (2) a type bearing fertile flowers of larger size oji 
a short peduncle that may have ntale flowers upon it. The fruit 
of the second type is often elongated, and on. a<;count of the short 
peduncle is borne fairly near the stem. All these types may occur 
from one set of seeds. Moreover, in the lifetime of one tree there 
may be a change of sex. This may occur without any special apparent 
exciting cause or it may be induced by beheading the tree. Kulkarni 
observed one case of a tree that had completed the whole cycle of 
sex and come back to its original condition in its own lifetime. 

Both in Hawaii and India experiments have been made in polli¬ 
nating the ovary of a pure female tree with pollen from a 


* Higgins, 3. K. “{{rowing Melons on Trees.” Jmirnnl of Utndily, VII, 

* Kulktnii, L. B. Ann, Btport, OantMhini IMmiml {/arden, n)13-14, and succeeding 
yean. 
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hermaphrodite tree, with the object of getting a race with a large 
percentage of female trees. That one does get an increasing percentage 
is shown by results, but the limits of such breeding and the scientific 
interpretation are still unknown. 

Again, there is something rather mysterious about the forma¬ 
tion of the papaya fruit. One often sees a lone tree at a railway 
station or some out-of-the-way place, with apparently no male near 
it, and yet bearing fruit. In Ganeshkhind Garden we bagged a 
certain number of flow^ers to see if fruit set without pollination and 
it was found that it did. The seeds within these fruits were not 
viable. 

There appears to be here some hint of parthenocarpy, and again 
much material ready to hand for a most fundamental research. 

The ratio of the difierent types of tree from seed of known 
origin is also a matter requiring investigation. 

To turn to the second example of bisexual plants, namely, 
Canmins saliva. A most interesting series of experiments on the 
determination of sex in this plant w'as carried out by Ciesielski ^ in 
Lembiirg between 1871 and 1878. According to his results, fresh 
])ollen 2 >roduces males and stale i)olleu produces females. I do not 
remember to have seen any receiit repetition of this work to enable 
me to judge of its truth under modern conditions of rigid scientific 
control. 

(Changes of sex in hemp have been repeatedly observed, both 
W'ithout apparent external cause and with such.® Removal of the 
flowers does alter the sex of hemp, and while only a few male plants 
produced pistils, they constituted 14 to 21 jier cent, of the total 
number of males reproducing flowers after the operation. It is 
quite probable that if the proper stimulus were used, says 
Pritchard, pistil formation could be induced in all males. He also 
states that the females were very responsive to the stimulating 
effect of flower removal. In fact, in the second year’s experi¬ 
ments every female operated upon produced an abundance of 
stamens. 


• Wester, P. J. “ The Determinstion of Sex." Journal of Heredity, V, 6. 

• Pritchard, P. J. “ Change of Sex in Hemp.” Journal of Heredity, VII, 7. 
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Schailner * records a case of complete reversal of sex from 
fenialeiiess to maleness in hemp with no special treatment. 

Tliis ])lant, therefore, deserves further study, and as it grows 
easily here, we should be the peo])le to carry on that study. 

One point comes out clearly in the discussion of the above 
facts regarding papaya and hemj), and that is that sex does not 
appear to be, in these cases, entirely a matter of zygotic constitu¬ 
tion. It would appear that both are potential hermaphrodites as 
believed by Darwin and Strasburger, and again as ]>ointed out by 
Pritchard. 

Again, very little, if anything, has been done to test grajie 
seedlings in this country, and yet when one cojisiders the new 
varieties of value that have been thus origiiiated iii ot her countries 
one feels that here too is a pr<»mising and obvious held for 
work. 

Among ornamental plants there also exists an untouched and 
attractive region for research and profit. We have many wild jdants 
that would probably repay dome.sticatioji and breeding. When one 
considers what has been done hi a few generations with jililox and 
petunia one feels that many of our wild ])hints may hold similar 
po.ssibilities. And when one sees to what miserable specinums 
uncared-for florist’s plants can degenerate one looks tiirough the 
other end of the telescope, as it were. 

The production of horticultural seed in this country is an 
industry ofiering, I believe, great scope for tlio practical scientist 
or the scientific practitioner. 

I have dwelt on the horticultural asjiect of utilitarian plant 
genetic.s because it is one that is too often neglected, and yet horti¬ 
cultural products are a great part of the country’s wealth and its 
gardens are aesthetic riches. 

A word or two must be said regarding the relation of plant 
genetics to other branches of botanical activity. At present cyto¬ 
logy is most intimately connected witli plant genetics. The investi¬ 
gation of chromosome numbers, distribution, and arrangement 

* ScbaSiter, J. H. “ Com 2 >lete Bevoreal of Sex in Hemp,” Science, September 26, 1019, 
p. 311. 
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forms no small part of tlie knowledge wliich the geneticist must have 
in order to elucidate many points of his problems. The recent 
work by Ai'bcr and Beer, recently discussed and criticized by 
McLean,^ on multinucleosis in the developing soma cell of the 
higher plants opens u]) an entirely new field of speculation. The 
value of the chromosomes in heredity and the meaning of nuclear 
fusion, whether of gametes or of somatic nuclei, are points which at 
one time appeared to be as settled as anythu)g in science. They 
hav'e noAV again come under the fire of rigid investigation, and we 
shall in all probability sooji be able to clu-onicle further advances in 
f)ur ideas regarding both these important matters. 

In i-elation to taxoj'omy. genetics has a large part to play, 
a part on which genetics has as yet hardly entered. Glenetics, we 
may truthfully say, is the exjx'rimental form of the study of evolu¬ 
tion. In taxonomy our aim is to relate in groups such plants as 
are genetically cojuu'cted. ^p to date, on account of the mass of 
new material to be handled, taxonomists have based their reasoning 
chiefly on observation of it'.dividual generations either in a sii\gle 
habitat, or too often entirely apart from the habitat. The only 
real test of a va.riety is to grow it, and see if its characters are 
retained. It is necessaiy to test it also in varied enviimiment and 
to see how far its new characters are inherent and how far due to 
envirojimental influence. It may seem at fiiAst sight as if this were 
a thing impossil)le, but it is not a thing which can or should be 
done all at once. There is, iji addition, a fertile field for hybridizing 
existing species and varieties, when the origin of others may be 
elucidated. 

To return agaiji to genetics as the experimental form of the 
study of evolution. As such it must always take a central position 
in the study of life, for as Bergsoji has said, life is essentially a 
“ becoming.” Man has always been curious about the manner in 
which new forms arose, and in genetics we may get a long way toward 
loiowledge of tliis point. Y(ui will observe I do not say why new 
forms arose. That is more a question of pure philosophy and 

’ Molican, R. C. “ Sox and Soma.” (Papei reatl before Linn. Soc., Load., November 
SO, 1019.) 
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for its ansT?fer 1 know no better master than Henri Bergson, whose 
reasoned theory of the “ vital impulse ” is at once inspiring and 
encouraging. 

We must clearly recognize the limits set upon our experiments 
and our generalizations by the nature of plants. On account of their 
food habits, their immobility and lack of consciousness, they ofier 
themselves as easy material to even the unpractised experimenter. 
The possibility of keeping relatively large numbers under culture and 
observation enables us to gain facts regarding posterities and to 
keep a look-out for mutants which are tlie more likely to appear, the 
greater the number of plants grown. The large numl)er of nearly 
related but diverse forms enables us to study inheritance hi crosses 
between nearly similar varieties. 

WTierein, then, is this material imjierfect ? Perfect it (;ertainly 
is for itself, but we should Ireware of drawing conclusions regarding 
characters which have not been investigated, characters more 
developed m animals, or characters which appear to be more part 
of the life of the individual and less part of the material in which 
that life clothes itself. For as Darbishire^, following Bergson, 
states: 

“Let us now consider concisely the four main conclusions 
to which a consideration of M. Bergson’s philosophy has led us 

1. Time is the essential factor concerned in the fixation of 

the characters of organisms. 

2. Life is perpetually creating the absolutely new; more is 

got out in the effect than is put in in the cause. 

3. The performances of living things cannot be predicted 

mathematically. 

4. The organism consists of an essentially vital part and 

of non-livifig constituent parts.” 

He goes on to say : 

“ His (Bergson’s) conclusions with regard to life are untrue of 
Mendelian characters. This may mean either (1) that M. Bergson’s 
conclusions are ill-founded, or (2) that the Mendelian characters 


‘ Dtrhiiiluw, A. n. “An Introdnotion te • Biology." 1917, p. 98. 
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are dead or, at any rate, appertain to the least vital parts of the 
organism. I believe the latter alternative to be nearer the truth. 
If it is nearer the truth, we have, I think, a clue which will enable 
us to relegate the Mendelian characters to their true position among 
the characters of living things ; and a su^estion which may enable 
us to determine without exi)eriD\entation which characters are 
likely to behave in a Mendelian way in heredity and which are not. 
And it would seem, in general, that Mendelian characters are to be 
found amongst the contents of the retort and are not exhibited by 
the retort itself.” 

Again, the study of plant genetics supplies us with practically 
no data regarding the inheritance of instinct or intelligence. There 
are certain habitual actions, however, almost resembling instincts, 
e.q., certain kinds of response to stimuli, whose inheritance hi 
crosses might lead to some new knowledge. An interesting case 
would be the crossing of a right-handed with a left-handed climber, if 
such coidd be made. 

Plant genetics, like other studies of heredity, has had two main 
tendencies, the biometric and the Mendelian. The former aims at 
the mathematical interpretation of the facts of mass inheritance, 
the latter at the scientific e.\plaiiation of individual inheritance. 
The latter demands the intense study of single lities of inheritance, 
single plants, sijigle characters. Of this nature is the work of 
Mendel and of this Jiature is the work of De Vries on Oenothera. It 
is a method that is essential in f uture work on the study of heredity 
in plants. Its intensity is increasing, for whereas in the time of 
Mendel it was sufficient to follow a single gross character, we now 
attempt to follow a single chromosome or a single cliromomere. We 
here approach very near to the actuality of Clerk Maxwell’s demon, 
who was supposed to be able to make selection between slowly 
and quickly moving molecules and thus alter the heat of two parts 
of a closed system. 

This brings us to the question, “ What do we actually know, 
and what can we actually do, in plant genetics ? ” We may truth¬ 
fully say that the more wc know the more complex does the whole 
situatiou become. Judging from recent researches some ideas 
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that have been dogmatically es 5 )reased by certain earlier writers 
are likely to require considerable revision. A state of uncertainty 
is likely to supervene on the first apparent state of stability. 

But what do we know ? 

The facts of variation in extenial form we can observe, measure 
and record. The causes of non-adaptivc variation we do n.ot know. 
I defy any botanist living to account for the variation in the lobing 
of the leaves of a single fig tree. 

Concerning the distribution of fluctuating variation we know 
a good deal and can mathematically express it. 1'he theory of 
its distribution at present seems to fit the facts. But there arises 
a difficulty in distinguishing fluctuating variation due to slight 
changes in environment from variation due to cumulative factors, 
especially where these mean small changes in quantitative characters. 
The doctrine of cumulative factors is, of course, still a hypothesis, 
but it is a matter of fundamental importance and deserves careful 
experimental study. 

Mutations are repeatedly observed in pure cultures. In some 
cases gross changes in number or form of chromosomes have been 
observed. In a few cases mutations have been produced by altering 
the external conditions of the plaiit or the organ. In no case are the 
mutations adaptive. It appears proved that mutations are due to 
alterations in the germ plasm, but that the germ plasm can be 
got at appears also true. Recent work by Rawson^ in .South 
Africa shows that by selective screening a new form of Papaver 
Rhoeas has been secured and fixed. If this can be done by a mere 
variation of light on the externals of the plant, where is the theory 
of the sanctity of the germ plasm ? 

The role of the chromosomes as carriers of the plant characters 
is a matter of some debate, especially in relation to sex. For the 
sex of plants, as we have seen, can be altered by artificial means 
altogether apart from the germuial character of the plant. The 
fact, however, that the male gamete is practically all nucleus and 
that male characters do appear in the hybrid is a strong argument 

‘ Kawson, H. K. “ I'lant Sports Produced at Will.” (Paper read before Liim. Soo., 
Lond., November 0, 1919.) 
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for the chromosome hypothesis. The arrangement of characters 
linearly on the chromosome is still hypothesis on the basis of certain 
experiments on Drosophila. 

^Vhen we come to hyl>riflization we have an enormous mass of 
facts capfible of varying interpretations. Of Mendel’s original 
theory we can say that as far as the ca^es dealt with in his experi¬ 
ments go it ds true. But, after all, the truth of a theory is not its 
main virtue. As Duclaux ^ remarked : 

“ Le projire d’une theorie n’est pas d’etre philosophique et 
s<‘duisaute : (*llc n'a meme ])as besoin d’etre vraie au sen.s absolu du 
mot. II hii sufht d’etre fecojide.” 

(The characteristic of a theory is not to be philosophical and 
seductive : it need not tnx'n be true in the absolute sense of the term. 
It is enough if it is fecund.) 

Judg('d by this standard, Mendel’s theory has been amazuigly 
fecund. Hence the progress in twenty years, four of them occupied 
in a devastating war, is more than in the two hundred years 
jneviously, a marvclloiis phenomenon even when we allow for the 
improvement in apparatus. 

Definite numerical ratios are obtained in niany cases but not hi 
all. 'Where such ratios are obtained, Mendel’s law or some modifi¬ 
cation of it appears to apply. I have mentioned “ some modi¬ 
fication ” and, indeed, there have been so much modifications and 
so many additiojud hypotheses (tlxe presence-absence hypothesis, 
inhibiting factors, complementary factors, cumulative factors, 
linkage, crossing over) that one begins to feel a little uneasy and 
suspicious of a theory that needs so much adjustment. This 
suspicion is only to be dealt with by more and more experiment. 
Things may be. however, simpler than they look. The act may be 
simple, but we may, as Berg.son ^ suggests, be able to view it only as 
a patchwork. This ought in no degree to retard either our experi¬ 
menting or our theorizing. It ought, indeed, to incite us to get a 
viewpoint ever higher and higher above the broadening area of 
facts. 

^ Uuclaux. Train de microbiohgic, Vol. I. 

' Bergeon, H. Creative Evolution (translation by Mitchell), 1911, pp. 91^^97. 
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We must, therefore, retain our role of keen-eyed watchers 
ready to pounce on any indication given by Nature in her own 
silent workings, and we must also perpetually ply her with questions 
in the shajw of all maimer of exiieriiuent. Our ignorance is great 
but so also is our hope. 
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Extract friim jmra 4 of the Indian 
Cotton Vonimittee's Itejiorl - Possibi¬ 
lity of Indian cotton replacing 
American for Lancashire pur^sises :— 


“These cottons (of a staple up to J,V.fh) 
will only bo cai>able of spiiinint; up to Sis 
twist am) lie weft in the Lancashire mills, 
if tlie conditions of those mills continue as at 
present.’ 


Extract Jr(m neiespaper criticism 
on the Indian Cotton Vemmittee's 
Report, headed " Lancashire Inter¬ 
est ” 


“ Uxueptioii is taken to the statement in 
the Keport that cotton of in. staple 

will spin 31s twist and 44s weft in Lancashire 
mills. It is asserted (by Lancashire) that 
the staple for these yarns must tie 1) in. 
Only if the 1,V in. staple were much more 
loliable than Oldham’s experience shows 
it to ho, would it servo. It would have to 
be absolutely even, and that is too much 
to expect of any growth,” ' 


IIow arc we to reconcile 1-lie.se two oj)inion.s '( The first is the 
considered ojiinion of the Iitdian (’otton Committee, which not only 
contained recognized experts from the cotton spimiing industry 
of Bombay and of Lancashire, but had an opportun.ity of mspecting 
any Indian mills it wished to, as WI as of taking and sifting evidence 
of practical spinners thi’oughout India, and the second is the opinion 
now expressed by the spinners of Lancashire. What are the reasons 
for this difference of opinion ? It may be that the Lancashire 
operative will not submit to as many stoppages for breaks in the 
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spinning of the yarn as the Indian oi)crative. But this can hardly 
be the case, otherwise Indian yarn would be unable to compete 
with Lancashire yarn, which woTild necessarily be of much better 
quality. Is it that the Indian mills are better cquipj)ed than those 
of Lancashire ? This again can hardly be the case. Uj) to the 
outbreak of war the number of mills in India, which spun the counts 
mentioned, were very few in number. It is jtot likely therefore 
that during the war, when necessity re.stricted even the renewals of 
existing mills, these covdd install machinery adaj)ted for sj)inning 
the counts mentioned. 

If we are to find an explanatioji to the difference betweoi tla* 
two statements quoted, it seems evident, that we must look for some 
other reason, and the following is suggested as the jaobable solution 
of the misunderstanding. 

Lancashire is at a great disadvantag(! in judging cott<a>, because 
she is not a cotton pi-oducij'g country. This )neajis that she nevei- 
sees cotton until it reaches tliere iji the form of j>ros.seil bales. If. 
is much more difficult to judge the value of cotton after it has been 
ginned and pressed than before, and tluit this is .so is shown by the 
reports received from Ihigland on .samples - of cotton scj'.t from 
India. tSuch reports lay s])ecial stress oi\ colour, freedom or other¬ 
wise of leaf, broken seed, etc. They may or may not state whether 
the staple is even or not, but usually merely state the length of the 
staple in a fraction of an, inch with an oi)inion as to tlie counts 
which the sample is suitable for .spinjiii'g up to. Then follows the 
estimated value of the cotton in pence. This value is always based 
on the then rulhig price of F. C!. F, Middling American whereas 
it would be much more accurate and of much more value if this 
were given in percentages taking F. G. F. Middling American as JOO. 
To anyone who has made a study of cotton with a view to 
improving it, .such information is valueless. He is quite able to 
ascertain this information for himself, lie can see for himself 
what the colour is, whether it is “ white ” or “ creamy-white,” 
whether it is bright or dull or stained, lie does not want to know 
whether it contains leaf or not. lie can see this for himself before 
he sends the sample for report, and if it does contain leaf or broken 
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seed, it is immaterial as far as he is concerned. Usually leaf is a 
question of the season and method of picking. The report merely 
gives information which says either you have had a good or a bad 
season or else that you ought to insist on more careful picking. 
He is in a much better position than Lancashire to state what is 
the length of staple, because he sees it in the and can therefore 

state much more definitely what is the variation in its length and 
wludher this is even or uneven. He is in a much better position 
also to state Avliether the fibre has a good natural twist or not, 
because it is almost im])ossible to test this from a sample of ginned 
cotton until this has been spun into yarn. The worker in this 
country does not want an oi)inion as to what counts a particular 
sample of cotton is comidcred suitable for spimiing up to. He will 
have his owji o])i)iion on this j)oijit, which is probably much nearer 
tlie mark. AVhat he does want are actual spinning tests which 
will give him information on this point. These are very difficult 
to obtain, because it is very seldom the case that mills will take the 
trou])le to make them, and if they do take the trouble to make them 
and find the cotton is suitable for spinning higher counts than they 
considered ])ossil)le, they naturally wish to keep tJiis infoimation to 
tlu'inselves, because it means that they pay less for the raw material. 

Then, again, Lancashire is used to quite a different class of 
cotton to that which is indigenous to India. The bulk of the cotton 
used there is of the American Upland type which is quite a different 
class. The individual fibre is very much filler and much weaker. 
It is quite jiossible, therefore, that Indian cotton of a shorter staple 
is cajiable of spinning as high a count as American Upland provided 
the stajile is oven and the natural twist of the fibre is good. Some 
years ago (1907-08) samples of Indian cotton were sent to Liverpool 
for valuation to the British Cotton Growing Association. After a 
considerable time, a letter of apology was received from them 
stating that they were sorry for the delay. They vTote as follows :— 
“ We have approached several brokers in Liverpool and not one of 
them would take the matter up, as you know Indian cotton is very 
little used now in this country and consequently there are very few 
men who understand it.” 
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On a later occasion samples of cotton, grown from selections 
of the local Indian cotton, were shown by me to an experienced 
buyer for his opinion on the spiiuiing value. He stated his opinion 
that these could be used for spinning up to 26s. As great care had 
been taken to select these for evenn.ess of staple and also for natural 
twist in the fibre, I asked him to arrange for spinning tests to be 
made to find w'hat these cottons would s])in up to. This he kindly 
arranged to do, and although the length of the staple was only 
7/8* to 1* these spim a useful 40s yarn. A 50s yarn w'as spun 
from on.e sample winch w'as reported to give splendid results. 
Another .selection w'as found .suitable for sjhnning 44.s yarn. 

It is quite possible, therefore, that if, and when. Lancashire 
knows more about Indian cottons, .she may wish to qualify her 
opinion quoted above, .somew’hat as follows. AVith the typt^ an.d 
class of cotton wdiich I am using at present, I require a atai)le 
of-?-inchea in length. 

If this is so, then it puts a different as|)ect on the Cotton Com¬ 
mittee’s considered opinion. Much has been done in recej.-t years 
to imjwove Iiulian cotton.s ai'.d the infoiiuati(»j' as to when* such 
improved cottons are grow'i*. ai’.d are available cai'., without dilficultv, 
be ascertained })y Indian mills and d(mbtle.s.s they have j)rocured 
their supplies of raw mat(‘rials from siu^h sources. 1 consider, 
however, that the Cotton Committee have not gone far enough 
in their statement. They have stated that for 34s twi.st and 44s 
weft a .staple of 1" to 1^'^" is required. Is this So ^ It may 
be the experience of the mills because they buy on “ tyj>e,'’ “ class ” 
and “ style,” and to obtain type, class and style the buyer has to 
mix. Thus, much of the improvement made in Indian cottons 
is lo.st in this process of matching samples. Further, the cotton 
dealer w'ho supplies cotton to the buyer has imitated the buyer 
in this process of mixing, but without his knowdedge of what the 
mills require ; and this has become so great an evil that the buyer 
is often in despair in making up his types. x\nother reason why 
the length of the staple given by the Cotton Committee is so high 
is that hardly any mills in India axe prepared to pay for quality, 
e difference in the price of good and bad cotton of the same 
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kind barely does more than pay for tlie blow-room and cardroom 
loss and, as long as this is the case, it does not pay the buyer to 
supply high grade cotton. It pays much better to mix this with an 
inferior quality cotton even of the same variety and grade it up. 
My experience is that the only person who pays for quality is the 
village dealer and his main object in doing so is to grade up an 
inferior quality of kajm by mixing. The persons who ultimately 
suffer are the grower and the mill-owner. The gi'ower because a 
continuance of this process lowers generally the value of the cotton 
of the tract, and the mill-owner because it limits the fineness of the 
yarn which he can spin and makes it impossible for him to produce 
a uniform standard of yarn. The profit goes into the hands of the 
middlemen. 

My reason for VTriting this is not to proclaim the work which 
has been done in the past to improve the Indian cotton but to suggest 
that much greater use might be made of Indian cotton than is the 
case at present. \cr}'' large sums of money are wasted annually, 
because the capabilities of Indian cotton are not fully appreciated. 
This tells not only on. the prosperity of In.dian mills, but also on the 
jU'osperity of the grower. Much more careful testing of cotton is 
necessary in mills and much more detailed reports are required 
on samples of imjiroved strains submitted for report. 

It is not so many years ago that Lancashire discovered that by 
different treatment American Uplan.d cotton could largely replace 
Egyptian cotton, but she only discovered this because the necessity 
for supplementuig Egyptian cotton was forced upon her. Is it 
not possible that in some such way Indian cotton in part can be made 
to replace American Upland ? If so, then Lancashire's difficulty 
will to some extent be solved. Is, however, the statement quoted 
at the commencement of this note the right way to set about 
it ? 
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In the Poona district, ’.vlier" tlie potato croji is a more impor¬ 
tant one than in any other })art of 'Western Inoia, tlie ])lants grown 
during the rainy season (the IjuiriJ crop) are severely afTeeted oy 
a peculiar disease, whicli, on account of tlie reddish colour which 
the afiected fields acquire, lias been termed (amhcra by the jiotato 
cultivators. The disease only attacks the kharij crop to any serious 
extent, but of this it is by far the most serious enemy, and, in a year 
where it is specially prevalent, it often moans that the crojj id' 
potatoes is so small that the quantity of seed us<^d is barely recovered. 
It prominently attracted our attention in 1917, and it has been 
under examination ever since. 

The disease attacks the plants in tlie following manner. At 
any stage of the plant’s growtli, but generally after it is a month 
old, spots with a very slight, somewhat oily-Iooking, blackish 
colour begin to appear on the underside of the leaves, and especially 

* A paper lead at the Seventh Indian Science Congrees, Nagpur, 1920. 
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on the younger foliage. These spots turn reddish, extend in area 
and in number very rapidly, and ultimately become a bronze colour, 
giving an almost uniformly reddish tii^e to the leaves. The upper 
foliage of the plant acquires a bunched-up appearance, the edge of 
the leaves becona^s wrinkled and the leaf hairs become very promi¬ 
nent. Gradually, commencing from the top, the whole of the 
foliage ^vithers leaving however the main stock still green and 
living, thougli it also ultimately becomes discoloured and withers 
(Plate XV, figs. 1 and 2). The plant endeavours to recover, by giving 
out a series of auxiliary shoots, which are, however, rapidly attacked 
and wither accordingly. All these stages only require from thirteen 
to fifteen days from the beginning to the final ruin of the plants. 
The attack usually occurs after the tubers are formed and when 
they are about the size of a walnut. They cease, however, to 
develop further and Jience the yield consists of a very small weight 
of very small potatoes. 

At first a few single plants are attacked, but from these the disease 
spreads in patches until the whole fields are affected. This spread 
is very rapid. As an example, a patch of potatoes which was care¬ 
fully watched in 1919 may be described. The whole patch of pota¬ 
toes was thirty-three feet square. On the first day only four plants 
could be detected with the disease, three near one comer and 
another nearer the centre of the field. Five days later, the whole 
of the corner of the field round the former plants and a large circular 
patch round the latter were obviously attacked. Three days after, 
the whole field was affected except a narrow strip down the middle, 
while on the thirteenth day from the commencement, the field 
was red and withering from end to end. The disease comes on 
almost as if a fire is passing through the fields and is universally 
attributed by the cultivators to the prevalence of light, misty rain 
which often occurs during the months of August and September. 

It is obvious that a disease like this is of very great importance, 
and it indeed appears to be the factor which limits the spread 
of the cultivation of potatoes during the kJmij season in Western 
India. It has now been found not to be limited to the Poona 
potato area, but also occurs in other districts and even in Sind. 
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It iiaa bell iiofcioeci in the rabi (wind'll crop also, but thm it r 
does aiiv serious harm and it may be almost iipiored. 

All" attempts to trace the imnuHiiat^' cause of the dk'ase f.,r 
a long time ]>ri)ved fu'iK'. Fu/igus disOiwes were absent, and n,. 
trace of a hactoml afTection could be foiwi Kveiything indieulrd 
that the attack was due U> a parasitic attaok of .some sort., but it 
was not until 1919 that the nature of tJi<> ])ara.site wa.s tliscovered, 
At that time our attention was draMUi to a di.sea.se which upjieared 
to be of a verj' siini/ar kind reported from Hawaii in 1917^ and 
which was attributed to the work of a mite. The njtjH-aram e sliown 
in tlie illiLStrations of the disease sefuu.s t<i agree ^'eI■v elo.seIy witli 
that shown in tuinlx'ra ai'd hence a earelid .seai’cli w.i.s at once nnule 
for the very minute mites (bscribed. We had already been able 
to produce tlie (li.sease at will by growing the ])otat(» jdants under 
conditions of high tem})erature. and on e.vamination they were found 
to be swarming with mites exact'' similar in character te> tliose 
found in Hawaii. 

These mites are found on all tlie affected j»arts. es})ecially on 
the under-suiface of the leuA'es of tlie plants. Tliey are ,so small ns 
to escape notice with tlie nakr 1 eye, until the eye is trained how 
to look for them, and even with a jiand icns unless carefully looked 
into. They can. however, be easily seen in all stages under tlie 
microscope with a low power. The (‘ggs are jK'Ouliar .sculptured 
bodies rounded oval in shape, and finnly attaclied to tin* leaf. The 
egg cases, even after the emergru'Ci' of the larvae Jiersi.st for a long 
time as colourle.ss, transparent objects, .still retaining the sculpturing 
in the form of rows of small opaque white* gloluiles. The young 
mites are hyaline, have three pairs of legs and an* .sluggish. The 
moult and the skins thrown off by tlu'm arc seen in great niuubrs, as 
white specks Tlie adult female* is a clear ambr ceilour, with 
smooth glistening skin, and lias a femrth pair of legs which are much 
thinner than the remaining ones. It is an oval active creature 
moving about on six legs while the other two are elragged behind, 
and measures one-fifth hy one-tenth millimeter. The male is of the 

^^ poUto.” Phf^Paihokw, VoL VIII' 
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same colour with a brownish tinge, but is quite different in size and 
shape. It is more orbicular and smaller, measuring one-tenth'^ by 
oj;.e-cleveiith millimeter, with a clouded dorsal spot, and it possesses 
strongly (l(!veloj)ed legs un T is much more ective than the female. 
The first pair of legs has two joints, the second and third pairs have 
five joints and the fourth pair has four j<iints and each joint bears a 
few hairs. 

The mites apparently suck up the juice from the epidermal 
cells of the leaves with the result that the leaves are unable to stand 
tlu' hea \7 drain on them and wither prematurely. The mites 
then lea^'e such leaves and go in search of fresli leaves which they 
easily rc'aeh by crawling over from jilant to plant as the plants 
toucJi one another. Whether tliey are, like some other mites, carried 
by insects or other agencies is not known. 

Tlie naming of the mites is the work of a specialist. Carpenter 
does not attempt it. He makes a formal statement that 
they may belong to the same group as the so-called red-spider 
{Tetranychidce). 

The mere presence of the mite is not, of course, suflScient to 
enable' us to attribute iamhera disease to it unless the connection is 
proved by actual inoculation experiments, f-arpentt'r iii his paper 
does not record any exj^erimental evidence, but bases his conclusions 
on the mere presejice of the mites. He states as follows :— “ That 
these minutest organisms are responsible for the disease seems 
evident. They are present in sufficient numbers on the plants with 
the recognized sym])toms to warrant this conclusion and the reaction 
of the plant is such as we have come to associate with mite injury. 
Furtherm<»re, if the mites be kept off. a portion of the plants by 
spraying or dusting with sulphur those so protected develop normally 
while adjacent unprotected plants are devastated.” 

The following inoculation experiments were, however, carried 
out. At first only two plants in pots were brought into the labora¬ 
tory and on being convinced that they were quite free from the mite 
attack one was used for inoculation and the other as control. Inocu¬ 
lation was made by putting on the plant to be inoculated affected 
shoots from a diseased plant containing mites. The inoculated 
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pUuai began to the ofTthe tbM day. On the 

fiith day these were quite clear and ,ox the eighth day the withering 
of leaves commenced (Plate XVI, fig. 'l).i The control plant kept 
away from the inoculated one did not show any of the tymptoms 
and remained quite healthy (Plate XVI, fig. 2). , Encouraged with 
this trial, experiments were made on a greater number of plants. 
Ten plants were raised in pots. Five were used for inoculation and 
five for control. Inoculation of the plant was done as before on the 
6th of August, 1919, by placing on them the affected shoots containing 
mites. The plants began to show the disease on the next day, and 
on the fourth day the symptoms were quite evident, namely, the 
bunching of shoots and the browning of the under-surface of tender 
leaves. At this stage the examination of a browned leaf under the 
microscope showed any number of movijig mites with their eggs. 
On the ei^th day the shoots were completely bunched up and 
were much darkened in colour. In one plant leaves were withering. 
Thirteen days later, most of the top leaves of all plants were quite 
reduced in size and dried up. The controls remained quite healthy 
during this period. The results of the experiments conducted, 
in the same way, in the fields too were quite conclusive. Leaves 
affected and covered with mites were attached to a few plants in a 
comer of a plot where there was no disease and the plants were kept 
under observation. The inoculated plants alone took the disease 
and the attack started from the point of contact with the affected 
leaves. The mites were again foimd in intimate association with 
the disease on the new plants. 

The casual connection of the mites with the disease at once 
suggested a method of control, by spraying with a sulphur wash, or 
by dusting with sulphur, and preliminary trials were made in pots 
where the potatoes were seriously affected. Both methods proved 
effective, and it was found possible to revive plants which were in 
a very advanced stage of the disease. Experiments on small plots 
proved equalty effective. 

The potato crop is so valuable that the application of such 
a spraying method as a safeguard against the disease would pay well, 
and hence a limited area in the fields of the oaltivatcM|» has been 






sulphur waiSi, ordust^'wi^ shlfthur, diirihg the 
past seaso^, tfiree dressings being given commencing from the 
time when tl^"plants were three weeks old. The results were 
excellent and a demand at once arose from the people to spray their 
whole area. The season and the disease had, however, by that time 
advanced so far that it was impossible to do anything this year. 
Spraying with lime sulphur wash, however, was a little more ejffective 
than dusting with sulphur. Three treatment.s were given—the first 
when the plants were three weeks old, the second when about six 
weeks, and the third when they were between two and three months 
from planting. The difference between the yield of the sprayed 
fields and those unaprayed in the immediate neighbourhood in 1919 
was very great. The yield of the unsprayed plot was only 1,000 lb. 
I)er acre, or practically the amount of seed used; that of a plot 
sprayed after the attack commenced was 5,000 lb. per acre; that 
of a plot sprayed from the beginning was 8,720 lb. pr acre. The 
cost of the complete spraying treatment this year was Ra. 13 per acre, 
but this can be materially reduced. At present, spraying, though 
more effective, is a new process to the cultivators, and it is probable 
that dusting with sulphur from muslin bags will be more generally 
used. 

An attempt has been made to see if any of the varieties available 
are immune to the disease. All those (jommonly cultivated are, 
however, rapidly attacked if conditions are favourable. An English 
variety, ‘‘ Epicure,” in experimental trials seemed to possess some 
resisting power, but further expriments are i.ecessary with it. The 
favourite variety in Poona, a round, white, Italian typ, known in 
Western India as “ Talegaon,” was the first to be attacked, and the 
other local varieties soon followed. 

It is difficult to say how the mites which cause the disease are 
carried over from year to year. Lookmg to the field conditions of 
the tract where these observations have been made, it appears that 
the disease may possibly be carried over on the potato plant itself. 
Aithor^ there are two definite seasonal crop, the and the 
raU, seasons are not sharply defiii^ 

and 'Qoliiio soes oh iwaoticaUv -1 
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June and March. The Manj crop is sown in June and July and is 
harvested in September and October, sometimes even in November. 
The solving of the raU crop begins in November and extends even up 
to March, the harvestmg of veiy Jate planted crops coinciding 
with the planting of the kharij crop again. Stray plants arising 
from the remimnt tubers of the previous .crop are also found in the 
fields. It is thus seen that the potato plants are found throughout 
the year in the tract either as a regular crop or as stray plants, and 
the rain crop though not seriously attacked is not by any means 
free from the niite. (.)wing to the cold weather the disease never 
does much damage and heiwie does not attract, attention. 'J’he 
mite, how'ever, comes into activity again as soon as the hot weather 
sets in in April and May. From the hot v'eather croj> it is ]»robably 
carried to the kharij sea.son again. 

Another possibility, of course, is that the mite may have of iier 
host plants. So far we have, found what appears to be the same 
mite on gwwr {Cyamopsis psoralioides) only. On this plant it has 
been recorded from Barcda, Padra, Surat, and Poona, (fross- 
inoculations have proved that the yumr mite and the jiotato mite 
are one and the same. Potato plants whoji iulected with the (juvur 
mite easily took the disease. Chilli and tomato jd^nds were also 
tried, but they remained free from the disease. xMorc observations 
and experiments are required on this point. 
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I. iNTRODUCnOX. 

A PKOULiAR TYPE of rain cultivatioji for -wlxeat is carried on in 
the Haveli tract in the north of the Central Provinces. The system 
has been fully described by Mr. Evans ^ when Deputy Director 
of Agriculture, Northern Circle, Central Pro^^nce8, so a detailed 
description of the agricultural practice is unnecessary. It may, 
however, be stated that the usual rain crops—wheat, gram, ieora 
{Lathyriis sativns), wasnr (Lem eseulenta), linseed, etc., either pure 
or in mixture—are grown in a soil which for the greater part of the 
monsoon months is water-logged. BanJes or huttis are erected 
on any level fields and the monsoon rainfall is impounded. The 
average rainfall in the tract is 50-60 inches. During the hot weather 
one smgle cultivation may or may not be given. The fields are 
allowed to be flooded, and in the month of October the water is run 
off. As the field dries, seed is sown with a plough (nari) and here 
again a preliminary cultivation may or may i\ot be given. The 

* Paper read at the Serenth Indian Soienoe Congreas,, Nagpur, 192a 

* Anri. Journal o/ India, Vol. Vlll, 1913, p. 117. 
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average out-turn is about 700 lb. per acre of either wheat, gram, 
or masur. This brief outline of the system followed in this tract 
will show that the soil undergoes three distinct phases. There is 
the dry hot weather season when the soil frequently cracks to 
considerable depths. This is followed by a period when the 
soil is submerged by the monsoon rainfall and again by a growing 
season when the percentage of moisture in the soil gradually falls 
from full saturation to the hot weather state. It should be explained 
that the soil hi itself is a particularly heavy one contamhig, as will 
be seen from the figures quoted m Table I, nearly 76 per cent, 
of clay and silt. 

Our attention was drawn to these soils by JVIr. G. Evans, Deputy 
Director of Agriculture, Northern Circle, Central Provinces, and 
by one of the leading landholders. It was stated that these soils 
are found to be gradually decreasing in fertility but the peculiarities 
of the agricultural practice followed, seemed to call for an examhia- 
tiou of the bacteriological processes prevailing in the soil. It was 
also pointed out that the early growth of the wheat plant, by its 
dwarfed and yellow colour, hidicated nitrogen starvation. It will 
be observed that iio manure is applied to this land and the soil 
depends for its crop-producing power on natural recuperative 
processes for maintaining soil fertility. 

It was further considered that saturation with water during 
most of the ramy season might possibly tend to diminish the power 
of the soil to render available the nitrogen contained in it. 

II. Experimental. 

Experimental plots were laid out in the year 1916-16 on land 
in the Haveli tract at Kheri near Jubbulpore. Three fields were 
chosen and cultivated as foUowa:— 

Plot I was not surrounded by a bund or embankment and was 
ploughed in the beghming of the monsoon and harrowed at intervals 
during the monsoon. 

Plot VI was kept flooded until one month before sowing time, 
when the water was drained off and one harrowing given before 
sowing. 
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Plot VII followed the usual practice. It was kept flooded as 
long as possible and not cultivated at all. 

The three plots therefore represent the maxirauiu aeration 
possible, partial aeration and no aeration. 

The following analyses will show that mechanically the soils 
in the various plots were very similar. 


Table I 


tihowimf thv physical analyses of the soil from the 
experimental plots. 

mrious 


Plot 1 

Plot VI 

1 Plot VII 


. ! 1410 

4.'. 110 

45D00 

Kiiio sill 

ir>-40 

14 30 

14-800 

Sill 

1400 

12-70 

13-300 

Fine kbikI 

. , lO'SO 

8-!IO 

8-300 

Coarse sanfl 

2-SO 

r.-70 

4-100 

Moistiirn 

7-TO 

71)0 

7-200 

Ixiss on inunition 


0-73 

01140 

Cal.'O, 

. ; OKI 

0-14 

0-11.') 

Total 

KK)-4r. 

100-37 

09-766 


The analyses indicate that the soil is a heavy sticky clay. 
It is black in colour and needs to be cultivated at the proper time 
or the tilth is destroyed. The maximum saturation capacity, as 
determined by llilgard’s method, with a soil layer 1 c.m. deep, 
is about 60 per cent, by weight. 

In the first year definite biological work was not possible, but 
samples of soil were taken at uitervals between the beginning of the 
monsoon and harvest time and determinations of nitrogen as ammo¬ 
nia, nitrogen as nitrates, total organic nitrogen, humus, moisture and 
calcium carbonate were made. 

A resume of the results is given in Table II (p. 296). 

The remarkable feature about these results is the small propor¬ 
tion of easily available nitrogen present in these soils. Further, 
the stock of nitrogen present in the soil to be drawn on for the future 
use of the plant is very small. This fact suggested that .possibly 
the nutrition of the wheat plant on embanked land is very closely 
connected with seasonal bacterial activity in the. soil and does not 
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depend to any great extent upon accumulated plant iood atored up 
in reserve. 

During the next season arrangements ft)r bacteriological work 
were possible, hence a study of the bacterial activity in these soils 
was taken up. The usual biological analyses of the soils dealing 
with nitrogen fixation, ammonification, and nitrification, etc., 
were first carried out and some interesting results were obtained 
which can be summarized as follows :— 

(1) The soils under experiment appear to be very energetic 

in nitrogen fixation, that is, they are able, to a more 
than common extent, to take up nitrogen from the 
air by bacterial processes. 

(2) Having taken up this nitrogen, they have considerable 

ammonifying power, that is, they are able rapidly 
to break down organic nitrogen to the simpler form of 
ammonia. 

(3) In the conversion of ammonia into nitrate, these soils 

appear to be distinctly weak, the oxidation only 
going as far as the nitrite stage, very little nitrate 
being formed. The figures obtained are tabulated 
in Table HI at p. 297. 

Having found from the previous year’s results that these 
soils are of low nitrifying power, exjierimenta were continued during 
the next year with certain additions. In the first jdace, a series of 
moisture determinations were made in order to see to what extent 
the various methods of treatment modified the water content of the 
soil. The first determination was made in October after heavy 
rams, and Plots I, VI, VII contained 35,40, and 44 per cent, of water, 
respectively. This showed a considerable difference between the 
embanked jilots but by the 10th November the figures had decreased 
to percentages of 23, 23, and 29 for the same plots. Further determi¬ 
nations were made in January in the middle of the growing season 
and the water content of all the plots w'as uniform at 17 per cent. 
These figures (Table IV) indicate that in a year of good rainfall 
an unembanked field is as good as an embanked one, as the soil 
cajit only hold a certain ^mount of water and the impounded water 
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upon the surface does not materially affect its water content at the 
important time of the season, that is, from November to February. 
If the rains stopped early, the moisture conditions of the various 
plots might be different. Apparently, about 20 to 25 per cent, of 
moisture is what the soil wants at sowing time. 

It may be concluded that in a year of good rainfall no advantage 
accrues from embankments as regards the water content of the 
sod, but as no year of low rainfall has occurred during the course 
of the experiments, the authors are unable to give data for a very 
abnormal year. 

In making observations of the power of the soil for nitrifying 
ammonium sulphate in Oraeliansky’s solution, it was noticed that 
nitrification progressed quickly at a temperature of 30°0., but at the 
lower air temperature prevailing during the cold weather, nitrifica¬ 
tion was very slow although it proceeded as far as the nitrite stage 
(Table III). 

In sod medium, with oil cake as material to be nitrified, the 
same effect was noticed. 

In this case, however, it was found that ammonification pro¬ 
ceeded rapidly, about 33 per cent, of the organic nitrogen added 
being ammonified in a period of 1 5 days. The deficiency iii nitrate 
forming power was not improved by the addition of reasonable 
quantities of calcium carbonate or copper sulphate^ (Table V). 

In all cases, only about 3 k) 5 per cent, of organic nitrogen added* 
to the soil was converted to jiitrate withiii a period of 8 w’eeks. 

The black cotton soil of the Deccan is of somewhat aimdar 
texture to the soils under experiment but is given an open cultivation 
and experiences a lower rainfall. From the figures quoted in 
Table V it wdl be seen that the nitrifying power of black cotton sod 
is very superior to that of Kheri soil even under similar conditions 
regarding water content, temperature, etc. 

Incubation of the sod with the cake at 30-33°C. increased, 
however, the nitrifying efficiency to a very great extent, though 
it was much below the ordinaiy nitrifying capacity of black cotton 


^ Lipi&an and BurgcMM. Untv. Cal. Pub. Jjfri. Set., Vol. 1« No. (>, pp. 127-1S9. 
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soil under similar conditions (Table VI). The maximum amount 
of nitrogen converted into the form of nitrate, within a period of 8 
weeks, was only 50 per cent, in the case of Kheri soils as against 
86 per cent, in the case of black cotton soil. Water content to the 
extent of 25 to 30 per cent, seems to be the optimum for nitrification 
for these soils (Table VII). 

The wheat growing area in the north of the Central Provinces 
extends from Jubbulpore down to Hoshangabad, the whole area 
being known as the Narbada Valley. In Jubbulpore district the 
system of embankment is common, but it is not practised in Hoshan- 
gabad. In the latter district, the wheat soils are given good open 
cultivation. The rainfall of the two districts and the soils are not 
very dissimilar. It is also considered that varieties of wheat grown 
in Hoshangabad do not suit the conditions prevailing in Jubbulpore 
Haveli and vice versa. 

On determining the nitrifying power of Hoshangabad soil, 
it was found that it was very superior in this respect to Kheri soil 
(Table VI). The authors were, therefore, led to investigate the ques¬ 
tion whether by reason of the small amount of nitrate available in 
embanked land, wheats grown under such conditions were forced 
to take in their nitrogen in a form other than nitrate. Pot experi¬ 
ments were conducted at Nagpur in which Hoshangabad wheats 
were grown on their own soil ai'.d on soil from an embanked area, 
and Jubbulpore wheats on their particular soil and oip soil from the 
open cultivation at Hosliangabad. At the same time the plants 
were manured with nitrogen either as nitrate or ammonia. Unfortu¬ 
nately with these heavy clay soils it was found almost impossible 
to obtain good conditions for growth in pot experiments and the 
results were not very convincing. It was, however, noticeable that 
nitrogen as ammonia on soils from the embanked tract had a greater 
manurial effect than the same amount of nitrogen as nitrate. This 
was more marked with Kheri soils and Jubbulpore wheats than 
with Hoshangabad and Nagpur soils. The Jubbulpore wheats 
showed a marked preference for ammoniacal nitrogen particularly 
on Kheri soil but the Hoshangabad wheats did not evince such a 
definite partiality. 
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For the past two years, attention has been particularly paid 
to the changes which the soil may be undergoing in its nitrifying 
capacity, and the results will be found in Table VIII. It will be 
noticed that Plots I and VI show a nitrifying power greater than that 
of Plot VII, and apparently this nitrifying power is increasing. The 
results for the years 1917-19 bring out an interesting point indicating 
the intimate connection between laboratory experiments and field 
conditions. A bad tilth was obtained in that period and this exerted 
a depressing effect on both the nitrifying power and the yield of crop. 

It was generally observed during the 4 years of experiment 
that the young plants in Plots I and VI did not show the yellow 
colour generally attributed to nitrogen starvation. 

III. Summary. 

1. It was brought to the notice of the Agricultural Chemist, 
(v’entral Provuices, that the embanked wheat soils of Jubbulpore 
tract were said to be gradually deteriorating and giving low yields. 

2. It was observed that wheat plants in such embanked 
fields appear weak and yellow in the early stage of their growth, 
but recover later on. 

3. Mechanical analyses of the soil were carried out. The 
soil is heavy and sticky black in colour but less so than ordinary 
black cotton soil. It gets very hard and forms tenacious blocks 
on drying after rains. 

4. Biological analysis shows that these soils possess very good* 
power for ammonification and nitrogen fixation, etc., but are rather 
slow at nitrification. 

6. The nitrifying power of the soil increases gi-adually when 
rainy weather cultivation is given to the soil. 

6. The out-turn of wheat is also considerably increased when 
some form of rainy weather cultivation is given to embanked wheat 
soils and wheat seedlings from plots receiving cultivation do not 
appear yellow and weak in the early stage of their growth. 

7. From the experimental results obtained it appears that 
young wheat plants in embanked fields are subject to some factor 
which retards their growth. This factor may be due to lack of 
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available nitrogen or the presence of some deleterious substance 
formed under anaerobic conditions. It is evident that whatever 
the cause it is removed by cultivation and aeration during the 
monsoon months. 

8. Experiments with a more precise control over field trials 
are in progress with a view to dctermuiing the most economic form 
of cultivation. Attention will also be given to determine, if possible, 
the exact factor which interferes with the growth of ymuig wheat 
seedlings on embanked soils. 

9. Experience gained from this ejiquiry shows the difficulty 
of usmg pot cultures in very heavy soils such as that midcr experi¬ 
ment. It is impossible to reproduce field conditions in pots w^hen 
the soil has to be transferred from field to pot culture, house. 


Table II 

SJwtving the amounts oj nitrogen as ammonia, nitrate, 
etc., in various plots. 


Plots and samples 

Nitrogen 

os 

.ammonia 

Nitrogen 

as 

nitrate 

Total 

available 

nitrogen 

Mois¬ 

ture 

Carbonate 
ol lime 

Humus i 

Nitro¬ 

gen 

Plot I 





; 



Sample A 

O-OOOS.’i 

0-00020 

0-00065 


0-12 

0-85 ; 

0-03 

do. n 

O-OOOl.'i 

0-00066 

0-00081 

15-34 

e 

I 


do. C 

0 00023 

' 0-00021 

0-00044 

13-66 


.. i 

i 

•• 

Plot VI 





i 

j 


Sample A 

00004.5 

O-IKKKW 

0-000.60 


0*14 

0-94 1 

0-03 

do. B 

OOOOIO 

0-00053 

0-(KH)63 

14-33 

•• 



do. 0 

0-00024 

0-00021 

0-04)045 

14-82 

- 

-- 

-- 

Plot VII 








Sample A 

O-lKKVm 

0-00023 

0-004)78 

• • 

0-11 

0-06 

0-03 

do. B 

■ O-OOOO.'i 

0 00046 

0-000.60 

15-67 

• • 


• • 

do. 0 

1 0-00026 

1 

0-00031 

0-00057 

i 

13-88 



• • 
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Table IH 


Showing nilrificatim oj ammonium sulphate in Omdiunsky's solu¬ 
tion in mgm. at different temperatures. (100 c.c. dilute solution 
containing lO'O mgm. nitrogen was employed.) 


— 

Lowsa TBUPEBATDBB OF THB ROOM 



At 30“C'. 




Plot 1 

Plot VI 

Plot VJI 

Plot 1 ' 

Plot VI 

Plot VII 


V 

•c 

1 

0 ' 

s 

■4^ 

4 

u 

9 

•s 

9 

2 

V 

44 

•G 

9 ; 

44 

CO 

u 

9 

44 

*G 

-2 

1e 

U 

9 

.13 

u 

01 

1 





i? 

fq 


iq 

S ; 



2 

~z 

lat week 

5-10 


traces 


traces 


3-85 


1-78 


1-49 


2ncl woek 

1« 

1-43 

1-43 


1-30 


8-90 

• • 

8-00 

,, 

8-00 


3rJ week 

3-57 

3-71 

3'71 


3-57 


9-00 

0-85 i 

9-20 


9-20 


4th week 

8-21 

8-21 

8-21 


8-90 



8-54 , 


0-40 


0-83 

5th week 

9-90 


8-50 : 


7-82 

■■ 

* * 

9-40 ' 


7-68 


8-11 

fith week 

9-90 

0-34 

10-70 

0-26 

11-40 

0-26 








Table IV 

Showing perce-ntage.s oj moisture in the various Kheri 
plots in various years. 



Year 1916-10 

Yeas 1916-17 

Year 

1917-18 

Year ! 
1918-19 ' 



Date o! sampling 

Date of sampling 

Date of 
sam)iling 

Date of 1 
sampling i 

Remarks 


1 

31-10-15 ! 

1-1-16 

20-10-16 

10-11-16 26- 1-17 

20-10-17 

1 

30-10-18 


Plotl 

15-34 

13-66 

34-6 

22-9 

16-00 

25-6 

16-9 

In the year 1918-19 th 
samples were taken lat 

Plot VI 

14-33 

14-82 

39-7 

22-0 

17-20 

30-9 

14-6 

owing to nnavoidabl 
reasons. Due to absew 

Hot VII 

16-07 

13-88 

43-9 

28-9 

16-60 

31-0 

20-0 

of late raiiw sowing w 
done rather earlier. TI 









plots however recetw 
sufficient tain just in ti 
right time -when t 
plants -were abont 


i 

i 



1 




inches high. 
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Table VI 

Shomtu/ nitrification oj oahe in Kheri black cotton and Hoshangahad 
soihs incubated at 30°C. (Cake =60 mgm. nitrogen per 100 gm. 
dry soil employed.) 


Plot I Plot VI Plot VII ™‘“*" I 


I o. M I O' V iotal Total i q,. ^ Total □ ^ Total 

1 '‘5 ^ o/ V ‘ K o/ N 0' K : /<> 0/ K 

nitri- : i^ij nitri- I vu nitri* ! nitri- ™ nitri- 

fied lied I fied ; lied .: fied 

I I • I 


2nd wtM'k 


38-2 traces 39-2 traces; J8-6 I .M-O 40 13-68 


4th week 


28-0 21-0 28-0 i 17-8 ' 31-1 10-8 ! 3 - i 81-3 


6th week 


23-2 26-7 23-2 21-5 15-8 23-5 2-8 1 76-8 


8th Week 


lH-8 42-8 14-8 42-8 9 3 46-9 ! 0-9 i 85-4 


Table VII 

Showing nitrification in Kheri soil Plot I at different saturations at 
30°C. (Cake =60 mgm. nitrogen per 100 gm. dry soil 

employed.) 


1/3 SATURATION =• j 3/8 SATURATION = 1/2 SATURATION = 

j 20 % Moisturb j 22-r» % Moisture 30 % Moisture 

^ “ ; I """‘ 

0/ VT I Total O' V Total < o v „« I Total 

% N an 0/ v- ?o ^ o' k , .o V 

vu /o •e' VH /<>■’■' NH > 0 " 

nitrified nitrifiiHl | nitrified 


2 weeks .. 


0-41 36-25 


4 weeks 


7-08 i 26-13 


6 weeks .. 


14-39 1 22-40 


8 weeks .. 


29-88 13-01 
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Table VIII 

Shomng the rate of nitrification in different jMs in different years 
in sampied soil with 60 mgm. nitrogen as cake and optimum 
moisture content. (Sods were incubated at 30°-33®(?. ArrmrU, 
of nitrogen nitrified is represented in terms of percentages and 
includes both nitrite and nitrate nitrogen found.) 




1915-1916 

1 1916-1917 

1917-1918 

1918-1919 















Buusu 



Plot 

Plot 

Plot 

: Plot 

Plot 

Plot 

Plot 

Plot ! Plot 
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Plot 

Hot 




I 

VI 

Vll 

I 

VI 

VII 

1 

VI 1 VII 

1 

VI 

VII 
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1 
• •n 

2 weeks 

m 

XU 

XU 

1 traces 

traces 

traces 

2-66 

7-40 ! 6'60 

3-4 

1-3 

1-4 

; In the year 1817- 

1 weeks 

9-8 

25 

2-5 

1 21-6 

nn 

10-8 

5-32 

10-66^ 8'63 

13-9 

8-9 

7-7 

18 the texture 
of Plot I was 


” 




! 








spoilt due to 


6 weeks 

15-5 

14-8 

13-8 

; 20-7 

21-5 

23-3 

6-40 

19-20.14-92 

27-7 

21-6 

17-7 

untimely oulti- 






! 








ration resulting 


8 weeks 

25-6 

27'6 

21-3 

i 42-8 

42-8 

46-9 

16« 

29-84 21-32 

38-4 

42-7 

29-9 

in the forma- 














tion of very 
hard clods and 








1 

I 
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! 

i 




that in Hots VI 
and VII was also 
not quite good. 


Table IX 

Showing average out-turn of wheat grain per acre in Ih. 

Plot I .. .. .. .. 083 

Plot VI .. .. .. 679 

Plot VII .. .. .. .. 662 






jFtlMtei SHifles 


THE FUTURE OF WHEAT PRODUCTION WITH SPECIAL 
REFERENCE TO THE EMPIRE* 

In view of the importance of the question of the future of 
wheat production, the present article has been prepared by Mr- 
A. S. Judge, lately (Jiief Collector of Customs, Burma, from published 
information and material available at the Imperial Institute. 

Wheat in kelation to other cereals. 

In dealing with the question of the consumption and disposal 
of the wheat crops of the world, it is essential that those of other 
cereals should be taken into consideration, for in times of shortage 
these grains are substituted for wheat, and some of them provdde 
the staple food of the inhabitants of various parts of the world. 

World’s production of cereals. 

Wheat and rice are the two principal cereals which provide 
food for mankind; millets, rye, maize, barley, and oats, especially 
the first three, are used as human food in many coimtries, but are 
more generally used in Western countries for feeding live-stock. 
The annual production of wheat in the world amounts to about 
110,000,000 tons, while that of rice, assuming that the out-turn in 
China is equal to that of India, is about 90,000,000 tons. Kice 
is the staple food of the majority of the inhabitants of India, China, 
Siam, Japan, Korea, Formosa, the Philippine Islands, Ceylon, 
and the Malay Peninsula and Archipelago; it may be estimated 
that more than one-third of the human race are rice-eaters. Wheat 
is the principal bread grain of the Western nations, and the world’s 
production of this grain is almost entirely converted into flour, 
in the course of which process various by-products are obtained 


* Bepriatod from the Bulletin of the Imperial Jiutituk, Vd. XVIl, No. 3. 
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which arc used as cattle food. Wheat provides food for the majority 
of the ii haliitai'.ts of Europe, America, Australasia, Northern 
Africa, and of those parts of Asia where rice is not the staple food. 

In N(-rth<rn. and Central hhiropo, black bread made from 
rye takes the place of wheaten bretul amoi'g the poorer classes. 
The estimated j)roduction of rye in tlie world is about 45,000,000 
tons, of which more than one-half is raised in Russia, and one-fourth 
in Germany. Rye is also grown in the United States, and during 
the war Scandinavian countries obtained their requirements of rye 
and rye flour largely from this source. 

There is an increasing demand for wheaten flour throughout 
the world ; it has been replacing rye in Europe, and in Germany 
the average consumption of wlieat jkt capita advanced from 130 lb. 
for the ten years ending 1889 to 190 Ib. for the ten years ending 
1912 ; in Asia, Africa, and South America also natives prefer wheat¬ 
en flour to their ordinaTj diet, and the demand for tliis flour will 
advance as the material prosp<*rity of tlie people im])roves. It is 
fortunate, therefore, that vast tracts of virgin land are available 
for wheat-growing in. Canada, Argentijia, Australia, and Siberia, 
and that the old-world granary of Afesopotamia, after centuries 
of neglect and misrule, will again provide abundant supplies of food 
for mankind. The rice-lands in. Eastern countries with their teeming 
populations have, on the other hand, nearly all been brought into 
cultivation, aiid although lands suitable for ride are available in 
Africa and America, it seems doubtful wliether rice will be cultivated 
on an extensive scale in these countries. 

The quantity of maize produced in the world is probably 
greater than that of wheat, and the demand for this grain is con¬ 
stantly increasing. Maize is a prolific crop: it is estimated that 
it takes a little more than half of the acreage laid down to wheat 
to provide the same yield of maize. The United States contribute 
at present about 70 per cent, of the total world’s production; 
Argentina, Brazil, Mexico, Peru, India, Egypt, Russia, Rumania, 
Hungary, and Italy are also large producers, and British South 
Africa, with a suitable climate for this crop, promises in the future 
to supply large quantities of maize. In Europe and North Amenca 
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maize is cMe% used for feeding live-stock, and the wonderful develop¬ 
ment of the pork industry of the United States is directly related 
to the maize crop. In parts of South America, Africa, Asia, and 
of Southern and Eastern Europe, maize provides food for the people. 
Although corn-flour is largely eaten in all civilized countries, this 
flour alone cannot be made into a light porous loaf, as can wheaten 
flour, owing to the difierence in the character of its gluten. 

Barley is an important crop in Europe, especially in Eussia 
and Germany ; it is also extensively cultivated in North America, 
Northern Africa, Japan, China, India, and Asiatic Turkey. The 
annual production in the world cannot be short of 60,000,000 tons. 
In Europe and North America the grain provides food for cattle 
and the best qualities are also largely used by distillers and brewers, 
the by-products which result formuig valuable food for cattle. 
Barley is eaten, to some extent, by the inhabitants of Northern 
Africa, and also in parts of Asia; its principal use is, however, 
as fodder for cattle. During the war, barley meal was used in most 
of the European countries for admixture with wheaten flour in the 
manufacturt' of bread. 

The aiijuial production of oats in the world is estimated at 
about 65,000,000 tons ; oats are raised principally in Europe and 
North America, mainly as food for cattle. An increasing quantity 
of oatmeal and other prep,aration.s of this grain is now beii’g consumed 
throughout the world ; in 1018 the United States exix)rted over 
160,000 tons of oatmeal, rolled oats, etc. 

iVrillets are grown, extensively in Asia, Africa, an.d also in Eussia 
and the Balkan States. It is not possible to frame any reliable 
estimate of the quan.tity of this grain produced in the world. In 
India 52,000,000 acres are devoted to millets, and the supply of 
human food obtained from this source is only of less importance 
than rice. In C'hma also there is a large cultivation, and in Japan 
the estimated out-turn of grain is 600,000 tons. The production in 
Egypt is 250,000 tons, and millets are grown in many other parts 
of Africa. The production in Eussia in 1912 was about 2,500,000 
tons. During the same year Eussia produced 1,200,000 tons of 
buckwheat. France and the United States each produced about 
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400,000 tons of this grain, which is also grown in other parts of the 
world. 

World’s consumption of cereals. 


The following statement shows the average consumption per 
head of population, in certain countries, of wheat, rye, barley, oats, 
and maize for the five years 1909-13: 


Country 

Wheat 

Rye 

Barley 

1 Oats 

Maize 

jrotai 



' lb. 

lb. 

lb. 

lb. 

; lb. 

lb. 

United Kingdom 


3(iO 

3 

116 

181 

99 

75t 

France 


41)3 

64 

61 

292 

69 

961 

Belgium 


505 

195 

123 

204 

128 

1,151: 

Netherlands 


263 

241 

113 

140 

201 

9.58 

Denmark ., 


24.5 

500 

409 

622 

238 

2,014 

Sweden .. 


158 

251 

114 

433 

17 

973 

RuBgia ■ 


180 

244 

72 

155 

18 

669 

Spain 


340 

66 

156 

41 

98 

701 

Italy, 


370 

8 

13 

37 

179 

607 

Germany .. 


101 

323 

213 

269 

27 

1,023 

Auetria 


217 

213 

121 

174 

73 

798 

Hnngarv 


310 

84 

120 

106 

479 ■ 

1,098 

Rumania .. 

• • 

181 

3 

22 

70 

481 

767 

Canada 


755 

IS 

226 

1,339 

211 

2,546 

United States 


319 

18 

81 

349 

1,664 

2,331 

Argentina' .. 


3M 

3 

14 

28 

408 

807 

Japan 


31 

—. 1 

87 

3 

4 

125 

Egypt 


191 

-- 1 

40 

— 

311 

548 

Australia .. 


328 

- 1 

28 

116 

125 

597 


The above statement has been prepared from the Statistical 
Notes published by the International Institute of Agriculture, 
Rome. The consumption covers not only human food, but also 
cereals required for feeding live-stock, and for industrial purposes ; 
seed requirements are, however, excluded. 

The consumption of rice in the Western countries of Europe 
and in America may be estimated at between 8 and 10 lb. per capita; 
the pre-war average in the United Kingdom was 8 lb., but latterly 
it has been twice as great. In Italy and Spain, where rice is grown, 
the consumption is over 25 lb., and in Egypt it is over 60 lb. In 
Japan, where rice is the staple food of the people, the consumption 
is about 400 lb. In Italy, Russia, Egypt, and Japan millets and 
buckwheat are largely consumed. 

There are no estimates showing the quantity of cereals required 
for human consumption in the countries mentioned above. It 
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may be estimated, however, that the average consumption per 
capita is 4 cwts. of grain, equivalent to about 300 lb. of flour or 
meal. The quantity of flour or meal obtained from grain varies 
according to the quality of the grain; it is, however, generally 
estimated that 133'3 lb. of wheat or barley, 153 8 lb. of rye, 166*6 lb. 
of oats, and 117*6 lb. of maize are required to produce 100 lb. of 
meal or flour. The amount of cereals consumed in different countries 
varies considerably : in France and Belgium, for instance, the mass 
of the people eat more bread and farinaceous food than those in 
England and America, who are accustomed to a more liberal meat 
diet. More wheaten flour is consumed in France and Belgium 
than in any other country, the high rate of consumption of wheat 
in Canada being due to the fact that in the past this grain was often 
given to cattle. An examination of the statement given above 
shows that wheat is the principal cereal consumed in the Western 
countries of Europe, whereas in the Central and Northern countries 
generally rye is more largely eaten than wheat. In Eumania wheat 
is extensively grown for export, maize being the chief diet of the 
people. 


Source oj European supplies oj cereals. 


The following table shows the average production of cereals 
in certain countries of Europe for the five years 1909-13 (1,000 
tons):— 


C!<mntry 

Pojiuta- 

tion 

Wheat 

Rye 

1 

Bar- i 
ley j 

Oats 

Maize 

Rice 

Millets, 

buck¬ 

wheat, 

spelt 

Total 

UuiUMl King¬ 
dom 

45,400,1100 

1,023 

• 

20 

i 

2,998 

— 

— 

— 

6,063 

France 

40,000,000 

8,644 

1,246 

1,049 

5,156 

566 

— 

400 

17,060 

Belgium 

7,500,000 

405 

580 

94| 

018 

— 

— 

— 

1,697 

Denmark 

2,800,000 

145 

451 

543 

776 

— 

— 

— 

1,915 

Spain 

20,000,000 

3,550 

702 

1,626 

422 

674 


3 

7,327 

Italy 

36,000,000 

4,989 

135 

220 

536 

2,548 


130 

9,058 

Oermany 

66,000,000 

4,156 

11,325 

3,344 

i 

8,642 

— 


400 

27,867 
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The average production, surplus of imports over exports, 
and consumption per capita of cereals in each coimtry for the 
five years 1909-13 were as follows : 



1 

1 

Average 

1 production | 

1 ! 
1 

Average 
i aurplua of 
imports 
over j 

exports 

1 

Average 

coiisiimp- 

tiou 


1 

1 cwts. 

cwts. 1 

cwts. 

United Kingdom 

i 2'(i 

1 

4';{ 1 

«-9 

France 

1 8-5 

M 1 

9-6 

Belgium 

1 

.1-2 ' 

10-7 

Denmark .. .. 

13-7 

i 

5-3 

19-0 

Spain .. .. 1 

1 7.3 

■4 

7-7 

Italy 

1 1 

11 

(1-2 

Oerniany 

1 

! 

1 

l(i 

Ki-l 


Continental countries, as a rule, protect their agi-icultural indus¬ 
tries by imposing import duties on cereals. In Germany the import 
duty on a quarter (8 bushels) of wheat was 11s. lOd. ; in France 
12s. 3d. ; and in Italy 13s. The import duties in flour were on a 
higher scale. Belgium and Denmark admitted wheat free of duty. 

The above table shows how dependent this coimtry is on 
imported grain. With the exception of Nor'vC’ay and Finland, 
no other country in Europe is so dependent on outside supplies. 
Denmark, in proportion to her population, imports a greater quantity 
of grain than the United Kingdom; this is due, however, to the fact 
that her live-stock industry is relatively much more highly developed. 
The following table shows the number of live-stock in the two coun¬ 
tries in 1912: 



1 Cattle 

1 

Sheep j 

1 

Pigs 


No. 

No. i 

No. 

United Kingdom 

11,914,636 

28,967,496 ; 

3,992,649 

Dentnark 

2,263,982 

726,879 1 

1,467,822 
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The estimated number of poultry in Denmark was 13,000,000, 
for the feeding of which a large quantity of cereals would be 
required. 

The number of live-stock in the two countries for every thousand 
inhabitants is as follows : 



Cattle 

Sheep 

Pigs 


A'o. 

No. 

No, 

United Kingdom 

202 

C38 

88 

Denmark 

804 

2.59 

.524 


In Great Britain for every 100 acres imder crops or grass there 
are on an average 23 head of cattle, and in Ireland 34; in Denmark 
the number is 32, and in Belgium, before the war, there were 42. 
Taking cows and heifers only, there are in Great Britain 9*5, and in 
Ireland 11, to each 100 acres; whereas in Denmark and Belgium, 
before the war, the number was twice as large as in Great Britain. 

The belief appears to obtain in some quarters that the choice 
of farmers in this country lies between wheat and milk. It has been 
maintained that the breaking up of grass-lands for cereals will result 
in the reduction of the number of cattle. This has not been the 
experience of farmers in Denmark, where there is very little pasturage 
and yet the head of cattle is, in proirortion to the cultivated area, 
greater than in England. Gorn and live-stock are not competitive 
products, unless cereals are grown on a large scale for sale, leaving 
no home-grown, keep for aninrals. In Denmark less than 8 per cent, 
of the cereals grown consists of wheat, whereas in Great Britain 
the percentage of wheat to other cereals is nearly 30 per cent. 
Now that the national emergency has passed, and large supplies of 
wheat are available in Canada and other British Dominions, the 
question arises whether the cultivation in this country of oats 
and green crops for feeding stock would not pay better than wheat. 

In considering the relative advantages of growing wheat or oats, 
it should be borne in mind that the rates of ocean freight for oats 
are from 20 to 30 per cent, higher than for wheat, which is a heavier 
grain. The dairymen in this country rely prmcip#y on pasturage 
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during the sununer months, whereas in Belgium and Denmark, where 
pasturage is limited, the farmers by intensive cultivation raise 
green crops for feeding cattle. For many years before the outbreak 
of war a decline in the acreage of arable land was a regular feature 
in the annual returns of agriculture in Great Britain. The reasons 
generally assigned for the reduction of arable land were the increase 
in the cost of cultivation, the growing scarcity of qualified labour, 
and the fall in prices of agricultural produce, due to the intensity 
of foreign competition. There is less risk and outlay involved 
in farming grass-land, and less labour is required; it is admitted, 
however, that a larger head of stock caxmot thus be carried, and 
in fact that the number may be less than under a mixed system of 
farming. 

The following table shows the average acreage under cereals 
and the average number of cattle and sheep in the United Kingdom 
over a period of years; 


Period 

Wheat 

Barley 

Oats 

1 

i 

; Total 

j 

Number of 
cattle 

Number of 
sheep 


Acrai 

Acre« 

.ICfM 

Acrt^ 



1873 

3,670,000 

2,674,000 

4,198,000 

10,442,000 

10,153,000 

33,982,000 

1884-88 

2,643,600 

2,349,100 

4,314,900 

9,207,600 

10,614,000 

29 , 3^,800 

1894-98 

1,853,600 

2,232,600 

4,336,900 

8,422,000 

10,924,000 

30,467,000 

1904-08 

1,675,000 

1,903,300 

4,206,900 

7,785,200 

11,660,000 

29,747,000 

1909-13 

1,888,300 

1,847,300 

4,061,200 

7,790,800 

11,849,000 

30,016,000 

1914-18 

2,238,700 

1,737,400 

4,.'529,300 

8,506,400 

12,298,000 

28,239,000 

1914 

1,906,000 

1,873,000 

3,899,000 

7,678,000 

12,184,000 

27,904,000 

1918 

2,793,000 

1,839,000 

6,606,000 

10,237,000 

12,461,000 

28,849,000 


Although in 1917 the cultivated area in Ireland represented 
31 per cent, of the total acreage under crops and grass in the United 
Kingdom, her share of the total acre^e imder wheat was only 6 
per cent., of barley 10 per cent,, and of oats 30 per cent. Ireland 
possessed, however, 40 per cent, of the total head of cattle and 13 
per cent, of the ^heep. In 1918 both the acreage under cemals 
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and tlie number of cattle in the United Kingdom were greater 
than in any year for the last thirty-five years. England is one of the 
few countries in Europe where the number of sheep has been 
maintained in recent years. In most of the Continental countries 
sheep have decreased as the area of arable land has increased, and 
the same tendency is noticeable in the more closely settled districts 
of Australia and Argentina. 

The value of farm and dairy produce imported into the United 
Kingdom is very large, and much of it comes from Denmark. The 
total value of imports of eggs, butter, and bacon in 1914, with the 
share of Denmark in the trade, was as follows; 



Total value ; 

Share of 


of iraports i 

Denmark 


£ ' 

£ 

Kbes 

8,652,800 : 

2,546.979 

Butter 

24,014,276 ; 

11,038,637 

Bacon 

18,22.5,568 ; 

9,936,454 

Total .. 

50,892,644 j 

23,522,070 


With closer settlement on the land and more intensive culti¬ 
vation it should be possible to increase largely the home supplies 
of farm and dairy produce. 

The average net imports of cereals (flour and meal being reduced 
to grain) into countries in Europe for the five years 1909-13 are 
shown in the following table : 



Wheat 

Rye 

Barley 

Oats 

Maize 

Total 


Tonx 

Tom 

Tom 

Tom 

Tom 

Tom 

United Kingdom 

5,880,000 

30,im 

1,046,000 

903,000 

2,047,000 

9,966,000 

France 

1,188,000 

81,000 

132,000 

433.000 

50.3,000 

2,337,000 

Belgium 

Netnerlauda 

),.340.000 

124,000 

330,tKt0 

119,0(H) 

438,000 

2,351,000 

598,000 

293,000 

241,OtH) 

117,000 

552,000 

1,801,000 

Denmark 

171,000 

208,0(Kt 

3,0(K) 

66,000 

298,000 

746,000 

Norway 

104,000 

262,000 

99,000 

10,000 

30,000 

505,000 

Sweden 

191,000 

97,000 

— 

66,000 

42,000 

396,000 

Spain 

168,000 

— 

— 

— 

247,000 

41.5,000 

Italy 

1,448,000 

16,000 

18,000 

118,000 

308,000 

,1.968,000 

Switzerland 

460,000 

18,000 

25,000 

181,000 

101,000 

786,000 

Germany 

1,859,000 

— 

3,24.5,000 

47,000 

812,000 

6,973,000 

Auitria 

1,307,000 

316,000 

91,000 

191,000 

594,000 

2,589,000 

Total 

, 

14,804,000 

1,446,000 

6,230,000 

2,311,000 

6,032,000 

29,822,000 
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The principal exporting countries of the world for the five 
years 1909-13 were as follows : 



t 

J Wheat 

Rye 

Barley 

Oats 

Maize 

ToUl 


i 

j Toils 

Tons 

Tons 

Tons 

Tom 

Tons 

Russia 

.. 4,467,000 

1 

707,000 

3,769,000 

1,005,000 

711,000 

10,659,000 

Germany 


071,000 

— 



671,000 

Hungary 

.. 1,111,000 

348,000 

2.52,000 

159,000 

219,000 

2,089,000 

Rumania 

.. 1,460,000 

96,000 

390,000 

141,000 

1,138,000 

3,225,000 

Bulgaria 

302,000 

49,000 

40,000 

1,000 

234,000 

020,(H»0 

Canada 

.. 2,580,000 

— 

119,(KK) 

238.000 

— 

2,937,000 

United States 

.. 2,910,000 

24,000 

180,000 

(i4,0(K» 

924,000 

4,I02,(H)0 

Argentina 

.. 2,586,000 

7,(K)0 

U!,(M)0 

til7,(H>(t 

2,940,000 

6.l<i6,(KH) 

British India 

.. 1,.749,000 

— 

226,000 

- 

20,000 

1,595,(88) 

Algeria 

144,0(X» 

— 

I14,0<MJ 

58.(KKt 

— 

316,(88) 

Australia 

. 1,345.000 

- 

2.(M>0 


- 

1,.347,(881 

Total 

.. ,18,254,000 

1,902,0<HI 

5.I0S,(HMJ 

2.2N;t,(M»() 


.33,7.33,(88) 


The United States and Argentina send large quantities of wheat 
and flour to countries outside Europe ; in other respects the trade 
was mainly with Europe. It will be seen that the importing 
countries in Europe obtained 55 per cent, of their requirements from 
other European countries, of which Kussia supplied 35 per cent, and 
Kiimania 11 per cent. During the war the Western countries of 
Europe could not draw on Russia or Rumania ; this shortage was, 
however, largely made good by much heavier imports from the 
United States and Canada, as the following table will show:, 


Avekaois bxpokts from the United .States and Canada— 1914-1.'; to 1917-18. 



* Wheat 

i 

Rye 

Barley 

Oats 

Maize 

Total 


Tom 

Tons 

Tons 

Tons 

Tons 

Tons 

Canada 

4,712,000 

19,000 

222,000 

663,000 

— 

5,616,000 

Uuited Statics 

.. ; 5,576,000 

346,000 

! 

526,000 

1,512,000 

1,172,000 

9,132,000 

Total 

.. 110,288,000 

365,000 

748,000 

2,176,000 

1,172,000 

14,748,000 
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In 1917-18 the Union of South Africa exported over 200,000 
tons of maize, and Brazil nearly 240,000 tons. 

Varieties and qualities of wheat. 

There are many varieties of wheat grown in the world. All 
the best wheats grown, however, fall under the group “ Common 
Wheats.” The grain of the common bread wheat varies both in 
colour and quality, and may be either soft or hard. Soft wheat, 
termed “ weak ” by the miller, generally yields flour which makes 
a somewhat small loaf of dense texture ; hard wheat, termed 
“ strong,” makes a larger and a porous loaf. As flour manufactured 
from hard wheat will carry a large percentage of moisture, a greater 
number of loaves of equal weight can be made from a given quantity 
of this flour than from the same quantity of flour obtained from 
soft wheat. The dense-eared types with weak grain give a heavier 
yield per acre tlian the hard wheats, and on this account they are 
largely cultivated in England, France, Germany, and in many of 
the older and closely settled countries. In countries with severe 
winters, high summer temperature and low rainfall, strong varieties 
with low yields are grown. The best descriptions of hard red 
wheat are produced in the United States, Canada, and Southern 
and Eastern Russia. Generally speaking, the question of strength 
or weakness of grain is dependent on the variety grown, and upon 
soil and climate ; high summer temperature and low rainfall favour 
nitrogen content and flintiness; cooler and damper climates, 
on the other hand, favour starch production. It has been maintained 
that very high yield and superior strength could not be contained 
in the same variety ; recent experiments made by the Agricultural 
Departments in India have proved, however, that this view is not 
correct, as excellent results, both as regards yield and quality, have 
been obtained from some new types which have been created 
by selection and cross-breeding and distributed among the cultivators 
in India. The average quality of home-grown wheats is low, and 
as wheats of the highest quality can be produced in England, efforts 
are now being made to obtain new varieties of prime quality and 
hi|^ yielding capacity. In recent years the standard of excellence 
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ef floor has been raised, and there is a constant tendenoj* towards 
the use of hard red wheats, with the result that the proportion of 
such wheats now grown in the world is much larger than it was 
twenty years ago. 

Wheats of widely difierent characteristics are required by 
British millers, and home-grown wheat is nearly all mixed with 
Canadian and other foreign wheats, containing a high percentage 
of nitrogenous matter, to give the right proportion of milling and 
baking qualities for our bread-eaters. In many mills flour is never 
made from one straight lot of wheat; sometimes as many as four or 
five different lots are blended to obtain a well-balanced product. 
The chief constituents of flour are starch and gluten (albuminoids), 
which are found in an average proportion of 88 per cent, of starch 
and 12 per cent, of gluten. The gluten may be as low as 6 or 8 per 
cent, in soft wheats, and as high as 16 per cent, in hard wheats. The 
highest gluten content is possessed by the light-amber wheats 
of the durum group, which are grown extensively in Southern 
Europe and Northern Africa, and also m North America and Southern 
Russia. From the flour of this wheat macaroni and similar Italian 
pastes arc prepared. The flour extraction of wheat varies in accord¬ 
ance with the quality of the grain. In America it is estimated that 
a good sample of Kansas Turkey wheat, a hard winter wheat, 
properly milled, will yield products approximating the following 
percentages ; bran 12 per cent., shorts 14 per cent., total flour 72 
per cent., which allows 2 per cent, for wastage and evaporation of 
moisture. Since the middle of the nineteenth century the milling 
process has been made much more efficient, partly by the substitution 
of rollers for millstones, and partly by improvements in arrangements 
for cleaning the grain and sorting out the various products obtained 
at different stages of the process. In normal times the average 
yield of flour from wheat in England is about 70 per cent., with about 
28 per cent, of bran and pollards in nearly equal proportions. 
Usually two kinds of flour are made from one mixture. In Hungary ^ 
and other parts of the Continent, where a dark flour can be sold 
or mixed with rye flour, yields as high as 76][’and 78 per cent, are 
obtained, and seyeral grades of flour are made. During the war 
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the flour extraction prescribed in this country varied with the 
quality of the wheat, but at first 81 per cent, was the standard, 
raised successively to 83, 88, and finally to 90 per cent, for some 
qualities. In Algeria the flour extraction for soft wheat was at first 
fixed at 74 per cent., and for hard wheat at 81 per cent. From 
March 1, 1917, the flour extraction in Germany was as high as 94 
per cent. 

The peoduction and distribution of wheat 

IN THE WORLD. 

Wheat has a range of cultivation in the world, both as to 
elevation and latitude, greater than that of any other cereal. It is 
now grown successfully in the tropics and near the Arctic Circle. 
According to the estimates framed by the International Institute 
of Agriculture, Rome, the average area under wheat for the five years 
1909-13 was about 250,000,000 acres, and the average yield of grain 
about ] 00,000,000 tons. These estimates do not include, however, 
the statistics for Serbia, Albania, Montenegro, Thrace, Greece, 
Finland, and Portugal in Europe, and only relate to returns from a 
part of Asiatic Russia and from India and Japan in Asia, to the 
Union of South Africa, Algeria, Tunis, and Egypt in Africa, and 
to the United States, Canada, Argentina, Uruguay, and Chile in 
America. The European States omitted from the returns produce 
close on a million tons of wheat. China, Persia, and Asiatic Turkey 
are all large producers, but unfortunately no reliable statistics are 
available. It has been estimated that 7,500,000 acres are devoted 
to wheat in the Ottoman Empire, and the production may be esti¬ 
mated at over 3,000,000 tons. Before the war Turkey was exporting 
both wheat and flour, and with more settled conditions and improved 
communications a great expansion may be expected in. this direction. 
The Persians, like their neighbours in Turkey, are largely bread- 
eaters, and not only supply their own requirements, but are able to 
export small quantities of wheat. Wheat has been grown in China 
from the most ancient times, and the production must be very 
large, as it has been estimated that one-third of the population of 
China does not eat rice. Wheat is grown in nearty every province 



314 


AGEICULTURAL JOURNAL OF INDIA 


[XV, III, 


in China, and is the staple food in the north. Travellers in many 
parts of China have recorded the fact that fields of wheat are the 
most common feature in the landscape. According to American 
Consular reports,Manchuria raises about40,000,000 bushels of wheat, 
and is capable of producing 300,000,000 bushels. Wheat is grown, 
extensively in Morocco, and in normal times the exports exceed 
30,000 tons; in Abyssinia wheat is the staple food of the people. 
In Mexico and Brazil wheat is cultivated, and the production is 
increasing. It may be fairly estimated that wheat tliroughout the 
world at the outbreak of the war occupied 275,000,000 acres, and 
supplied about 4,000,000,000 bushels or 110,000,000 tons of grain. 
After deducting the seed requirements, which may be estimated 
at 11,000,000 tons, on the basis of 100 lb. of seed to the acre, there 
would be available as food approximately 100,000,000 tons of wheat, 
equivalent to about 75,000,000 tons of flour. 

In the Northern Hemisphere the wheat harvest begins in India 
in March, and continues in one country or other uiitil September, 
the largest area being reaped in July and August. In December 
and January, Australia and Argentina gather their harvests. The 
world’s harvest is usually reckoned as being finished in February. 

The following table shows the production, imports, exports, 
and consumption of wheat in certain countries for the five years 
1909-13. (The trade in flour, expressed in its equivalent weight 
of grain, is included.) 


Country 

Average 

produetion 

A verage 
surplus of 
imports 
over 
exports 

Average 
surplus of 
expf)rts 
over 
imports 

1 

Average 

consump¬ 

tion 


Tong 

Tons 

Tons 

Tons 

United Kingdom 

1,021,000 

6,880,000 


7,601,000 

France 

8,644,000 , 

1,188,000 

— 

0,832,000 

Belgium 

406,000 

1,344,000 

— 

1,740,000 

Netherlandii 

131,000 ' 

608,000 


729,000 

Denmark .. 

•t 

146,000 ; 

171,000 

_ 

316,000 

Carried over 

V 

10,946,000 1 

i 

9,181,000 


20,127,000 
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roimtiy 

Average 

irroduction 

Average 
surplus of 
imports 
over 
exports 

Average 
surplus of 
exports 
over 
imports 

Average 

consump¬ 

tion 


Tons 

Totui 

Tons 

Tom 

Brought forward 

10,946,000 

9,181,000 

— 

20,127,000 

Norway 

8,000 

104,000 

— 

112,000 

•Swodoii 

220,000 

191,000 

— 

411,000 

RuN^iia in Euro]>e, pxdnding Finland 

Kusaia in Asia (9 (lovernments).. 

18,180,(MK) 

4,000,000 

- i 

- f 

4,467,(K)0 

17,713,000 

Spain 

3,5.')0.000 

168,000 

— 

3,718,000 

Italy 

4,989,000 

1,448,000 

— 

6,437,000 

Switzerland 

90,0(M) 

460,(KM) 

— 

660,000 

ftermuny 

4,1.56,000 

1,859,(K>0 

— 

6,016,000 

Austria 

1,6.5.5,000 

1,.397.(KK) 

-- 

3,062,000 

Hungary 

4,621,000 

— 

1,111,000 

3,610,000 

Rumania .. 

2,389,000 

— 

1,459,000 

930,000 

Bulgaria 

1,190,000 

— 

301,000 

889,000 

C^anada 

5,.571,000 

— 

2,580,000 

2,991,000 

United States 

18,088,000 

— 

2,910,000 

16,778,000 

Argentina .. .. .. 

4,282,000 

— ♦ 

2,686,000 

1,696,000 

Uruguay 

195,0(t0 

— 

36,000 

160,000 

f'liilo 

OOO.tMK) 

— 

66,000 

644,000 

British India 

9,.573,000 

— 

1,349,000 

8,224,000 

fTa|>an ., . ? 

667,000 

110,000 

— 

767,000 

Union of South Africa .. 

148,000 

161,000 

— 

309,000 

Egypt 

928,000 

212,000 

— 

1,140,000 

Algeria .. t .. 

962,000 

— 

143,000 

809,000 

Tunis 

169,000 

20,000 

— 

189,000 

Australia .. ... 

jr 

2.241,000 

— 

1,346,000 

896,000 

New Zealand 

211,000 

— 

20,000 

191,000 

Total 

100,218,000 

16,311,000 

18,371,000 

97,168,000 


The average production of wheat in Europe for the .five pre-war 
years, assuming that the production of the European countries 

6 
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not shown in ihe above table was 1,000,000 tons, amounted to 
53,000,000 tons. The only countries in Europe producing surplus 
wheat for export were Bulgaria, Kumania, Serbia, Hungary, and 
Russia. The remaining countries in Europe imported 14,804,000 tons 
of wheat, of which 7,338,000 tons were supplied by the countries 
mentioned above, and 7,466,000 tons were obtained from over-sea 
sources, mainly from Canada, the United States, Argentina, Australia 
and British India. During the war the surplus wheat from Russia 
could not be exported, and owing to the disturbed condition of the 
country it is probable that production has been much reduced* 
Since the outbreak of the war a great change in the laud tenure 
has occurred in Russia, Rumania, and Hungary. Before the war 
the land in Russia was largely held in communal or in private owner¬ 
ship, and agriculture on the privately owned land was of a more 
advanced character, and gave a higher yield. Commercial farming 
on a large scale had made considerable progress, and wheat cultiva¬ 
tion had been rapidly increased. In 1904 it was estimated that 
17,627,000 acres of the wheat acreage was in private hands, and 
26,126,000 acres in communal ownership. Under the communal 
system the land is held in common ownership by the villages, and is 
distributed at certain intervals among the members of the community 
for individual cultivation. The redistribution of the land tends 
to discourage high cultivation and manuring, and there was a 
growing tendency for the richer peasants to Tent laud from their 
poorer neighbours. Since the revolution took place in Russia the 
peasants have apparently taken possession of the.land, and if the 
large farmers, who worked on modern lines, are eliminated, it must 
follow that production will decline, as the peasants will at first be 
poorly equipped with capital and machinery. In Rumania and 
Hungary the large estates have to a great extent been broken up 
into small farms. Eventually the productivity of the land will 
undoubtedly be enhanced by the new system of farming, but it wUl 
be interesting to see what immediate result the change in the owner¬ 
ship of the land will have on the production of cereals on a large scfile 
for exjjort. It remains to be proved whether the small farmer 
can afidrd to g|mw wheat in these countries to the same extent 
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as the late landowners who farmed on an extensive scale, and made 
wheat their main crop. 

The following table shows the average production of wheat 
for the four years 1914-17, compared with the five years 1909-13, 
in Allied and Neutral countries in Europe: 


Name of country 

1909-13 

1914-17 




Tons 

Tons 

I’njtpd Kingdom 
Kraneo 

Nfithorlands * 

1'on mark 
iViirway 

Swe-don 

Spain 

Italy 

Switr.orland 



1,021,otto 
8,044.000 

i:n,ooo 

145,000 
8,000 
220.0(K) 
3,650,(KM) 
4.98!).(MK) 
OO.OtM) 

1,772,000 

.5,814,000 

143,000 

164,000 

9,000 

234,000 

3,744,000 

4,466,000 

106,(KK) 



Total 

19,398.000 

16,452,000 


Erance and Italy both suffered by the invasion, and occupation 
of their territories by the enemy. Outside Europe there was a 
great expansion in wheat cultivation, as the following statements 
will show : 


Name of country 

1909-13 

1914-17 1 

1918 


Tom 

Tons 

Tons 

Canada 

5,574.000 

7,379,000 

5,724,000 

I’niti’d States 

88,688,000 

21.799,000 

25.009,(HK) 

Argentina 

4,282,000 

3,57!),(KK) 

5,9.50.(KH) 

llritisli India 

9,573.000 

9.448,tKM) 

10,337,0(HI 

Aiislrnlia 

. ' 2,241,000 

;j,129.(K)0 

3,J34.(KM) 

Total 

40.358.000 

45,3;l4.(K)0 

50,154.(KK) 


The acreage under wheat in the above-mentioned countries 
in 1918 had increased by 31,000,000 acres, and was 27 per cent, 
larger than the average acreage for the five pre-war years. There 
is at the present time a sufficiency of wheat, even wthout the 
help of Russia, to meet the requirements of the world, and with an 
extended area under cultivation in many countries there should be 
no danger of shortage in the immediate future. The question 
of the transport and distribution of the crops is, however, a difficult 
one, and freight charges will be high for a long tifiae. 
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The area under wheat, production, and yield per acre in various 
countries of the world during three periods are given in the following 
table. The statement is incomplete, as statistics regarding several 
wheat-growing countries are not available. It may be estimated, 
however, that the countries not represented produce about 10 per 
cent, of the total world’s production. 



j Area sows 

Totai. harvest 

Yiei.ii per 

ACRK 

Name of country 

Million acres 

Million buslii'Is 

Biislioi.s |H*r 

aim 

1881-90 

: 1891-00 

1909-13 

1881-90 

1891-00 

1909-J3 

188I-!KI 

: 1891 (to 

11819-13 

United Kingdom .. 

2-7 

' 2-0 

I'O 

70 

(0 

<;(» 

28 

30 

32 

Prance 

17'2 

: 171 

Ki'O 

301 

303 

317 

17 

18 

20 

Belnum 

Netnerlanda 

Denmark 

0-(> 

1 

0-5 

! 

0-4 

18 

10 

i5 

i 

30 

33 

37 

Norway 

Sweden 

Switzerland 

1 0-6 

0 0 

' 0*G 

i 

17 

18 

22 

28 

30 

, 30 

Rusaia-in-Europe .. 

30 2 

; 3«'2 

01'2 

244 

3tK) 

000 

8 

. H 

11 

Portugal 

0-7 

; 0-7 

0-9 

7 

7 

8 

10 

10 

9 

Spain .. 

9-0 

91 

9-. 

KH) 

92 

130 

II 

10 

13 

Italy .. 

11-3 

: 11-3 

11-0 

118 

123 

183 

10 

II 

10 

Germany 

4-7 

4'9 

4-8 

104 

123 

1.53 

22 

23 

32 

Austria < 

2-7 

! 2-7 

30 

43 

43 

00 

10 

10 

20 



i 8-2 

90 

118 

143 

109 

17 

17 

19 

Rumania 

3-4 

3-7 

4 0 

42 

32 

88 

12 

14 

19 

Bulgaria^ 

Serbia j 

2-4 

1 

24 

2-9 

35 

35 

44 

13 

13 

15 

Greece 

Turkeydn-Europe 

V 3fi 

1 3'6 

3-0 

40 

40 

40 


11 

11 

Total Europe .. 

93 "9 

1030 

1300 

1,203 

1,339 

1.955 

131 

13-2 

13 

India .. 

Rnseia-in-A s i a (9 

2G-7 

2.3'2 

t 

29-2 

239 

243 

331 

10 

10 

12 

Governments) ., 

8-4 


9'.3 

74 

100 

120 

9 

9 

12 

Japan ., 

1-0 

11 

1'2 

13 

19 

24 

13 

17 

20 

Canada 

2-3 

31 

JO'S 

38 

.53 

204 

10 

18 


United States 

371 

431 

471 

427 

339 

083 

12 

13 


Argentina 

2-0 

5-7 

130 

24 


147 

12 

11 


Uruguay 

0-4 

O'C 

0'8 

4 

0 

0 


10 

7 

Chile .. 

Union of South 

0-9 

1-0 

10 

12 

14 

21 

13 

14 

21 

Africa 

0-2 

0-3 

0-7 

2 

2 

0 

7 

7 

9 

Eprpt.. 

1-2 

13 

1-3 

12 

13 

34 

10 

10 

26 

Algena 

31 

3-2 


21 

24 

35 

7 

8 

10 

Tunis .. 

0-8 

1-0 

1'3 

5 

C 


0 

6 

6 

Australia 

3-2 

41 

7'6 

27 

30 

90 

8 

7 

12 

1 

1 

0-3 

0'3 

0-3 

8 

7 

7 

25 

25 

26 

. Total 

87-6 

lOO'O 

1290 

926 

1,143 

1,736 

10-6 

11-3 

13-4 

Grand Total .. 

IBS'S 

S 

203*6 

2690 

2,189 

2,602 

3,691 

IIH 

IS-O 

14-1 































The puTuee op Wheat PkoducTion 

One of the most important features in the above statement 
is the rapid increase in the area under wheat in European Russia. 
The average area sown advanced from 36,000,000 acres between 
1891-1900 to 61,000,000 acres between 1909-13, and the average 
production rose from 300,000,000 bushels to 666,000,000 bushels. 
The extension of wheat cultivation had, moreover, by no means 
reached its limit when the outbreak of war checked further progress. 
The returns from Italy are also remarkable, as the increase of 
60,000,000 bushels in the third over the second period was almost 
entirely due to the increase in. the yield pet acre. With the exception 
of Portugal, Serbia, Greece, an.d Turkey, regarding which countries 
reliable statistics are not available, every country in Europe obtained 
a higher yield ])er acre. Compared with the yields of 42 bushels 
j)er acre in J>enmark, 37 bushels in Belgium, and 32 bushels in 
England and Germany, the average yield of 15 bushels per acre 
for the whole of Europe is low, but w'ith more scientific methods 
of agricidture and improved seed there can be little doubt that better 
results will be obtained in the backward countries. 

Outside Europe the greatest advance in wheat-growing has been 
made hi the following countries : 



isiii-ee 
Area sown 

1909-13 
Area sown 

1918 

Area sown 


.Million acri's 

Million acres 

1 

Million acres 

I 

('anada 

:m 

lOo 

, 17-3 

1 

UliiU'd Suirs .. 

431 

471 

1 .58-9 


.5-7 

15 0 

1 17*9 

India 

2r>'2 

29*2 

i 

3.5-5 

Russta-in - Asia'.. 

lOd 

9-5 

14-5* 

Australia 

41 

7-6 

t 

11-0 

Total 

91-8 

110-9 

156-1 


*Area tMm in 191S| 
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There was a general improvement in the average yield per 
acre, which is, however, still very low in most of the countries. 
The crops in Australia suffer from drought, and in Argentina from 
drought and lociists, and in both these countries the average quantity 
of seed sowm is only a little more than one bushel to the acre. In 
India rust is the chief ei’emy, and accounts for the low average 
yield. Riust is the most widespread and serious disease from which 
wheat suffers; neither spraying nor seed treatment have been 
successful in checking the disease. Rust-resistance varies greatly 
geographically, and de])ends also on the kind of rust: varieties 
resistant in one locality may liot be so ui another. Knowi rust¬ 
proof varieties are generally poor yielders, but by s(*l<^ctioi! and 
hybridization some progress has been made in raising good-cro])ping 
nist-proof typ<\s of wheat in ilifferent countries. 

That there has beej.' a great improvement in wheat-growiiig 
is evident from tlie fact that, whereas the total area sown advanced 
by less than 25 })er cent, in the third over the second period, the 
total production ro.se by nearly 48 p‘r cent. In 1898 the late iSir 
William Crookes estimated that the wheat-growing countries could 
only add 100,000,000 acres to the wheat area of the world, and 
this additional area would produce 1,270,000,000 bushels, just 
enough to supply the world’s requirements uj) to 1931. About 
half the allotted period had elapsed hi 1913, and although only 
50,000,000 acres had been added to the wheat "area, the production 
had mcrea.sed by 1,191,000,000 bushels, nearly equal to the total 
production estimated for the additional 100,000,000 acres. »Shice 
the outbreak of the war, lurthei extensions, arnounthig to nearly 
60,000,000 acres, have been added, and vast areas of new land 
are still available in Canada, Argenthia, Brazil, Australia and 
Siberia. In the United States and European Rus.sia further exten¬ 
sions can be made, and in Asiatic Turkey and Northern Africa 
under settled conditions and with improved communications much 
larger areas will be brought into cultivation. When the forecast 
was made in 1898 it was apparently not recognized that the North 
Western Provinces of Canada possessed some of the most favourably 
situated wheat-gj^wing lands in the world, and that the great 
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sheep-runs of Australia and Argentina, with their scanty rainfall, 
were also suitable for wheat-growing. 

It is difficult to estimate the total area of new land in the 
world which could be made available for wheat-growing; it must, 
however, be far in excess of the area now devoted to wheat. In 
Australia it has recently been estimated that the area, with over 
10 in.ches of rain in the growing season, available for grain in New 
South Wales, Victoria, South Australia and Western Australia, 
is nearly 50,000,000 acres. There are also immense areas of good 
land situated in the drier zones of the four States mentioned above* 
which imder irrigation or with improved methods of cultivation 
and improvement in drought-resisting wheats will eventually 
come under cultivation. In Queenslaiul and the Northern Territory 
there are great areas of land, both within and outside the tropics, 
where climate and soil are quite suitable for wheat-growing. In 
South America new lands suitable for wheat-gi'owing probably 
equal those available in Australia, and C'anada and Siberia will 
eventually provide even larger areas for wheat. Not only are 
there large reserve areas of land available to meet the growing 
requirements of the world, but the aveiage }'ield per acre is being 
steadily improved. Under ordinary agriculture and with improved 
types of drought and rust-resisting wheats there is every reason 
to expect that the present average yield of 13 bushels per acre 
Avill be doubled, ami with intensive cultivation the yield could be 
trebled. The fears expressed in some quarters that there will be a 
wheat crisis Irefore the end of this century are without foundation. 
It has ken predicted that the maximum world’s production of 
wheat will be 6,000,000,000 bushels, and that the earth may in 
the end be able to feed permanently 1,000,000,000 wheat-eaters. 
With an average yield of 26 bushels to the acre the existing wheat 
area cf 300,000,000 acres would produce 8,000,000,000 bushels of 
wheat. 
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Production and trade in the chief countries op 
the world. 


United Kingdom. The following statement shows the 
wheat pioduction and the quantities and values of wheat and flour 
imported since 1861. 


» 

Period 

Average 
annual 
production 
of wheat 

Wheat | 

Flour 

Percent¬ 
age of 

Average 
j value 
of wheat 
per toil 

Average 

imports 

i 

Average ; 
value 

Average 

imports 

' Average 
value 

flour to 
totivl ' 
imports 
of wheat , 
and flour ; 


Tons 

Tons 

t 

Tons 

£ 

' 

£ .V. d. 

1881-75 

3,000,000 

1,724,000 

20,087,0(K) 

252,000 

4,041,(KH) 

12-7 

]| 13 0 

1878-90 .. 

2,272,000 

2,791,000 

20,343,000 

647,000 

8,805,(8)()| 

18-8 

9 8 9 

1891-05 .. 

1,520,000 

3,720,(MH) 

25,540,000 

071, WO 

0,42J,(KK»i 

1 

2()-7 

0 17 3 

1908-10 .. 

1,575,000 

4,843,000 

39,550,0(8); 

814,000 

0,493,(K8)j 

12 0 

8 3 3 

2911-14 .. 

1,628,000 

5,125,000 

43,484,(MW 

528,(8)0 

.5,073.(88) 

9-3 

8 9 8 

1915-17 .. 

1,766,000 

4,669,000 

71,275,000; 

1 i 

.579,OtX) 

11,783,000 

11-0 

15 5 3 


There was a great fall in tlie price of wheat during the latter 
half of the nineteenth century, hrouglit about by the develojunent of 
new wheat lands abroad, and the remarkable reduction in the cost 
of sea-borne transport. An average level of about 50s. a quarter 
was maintained over long periods up to 1874, nud then for ten years 
the average was about 45s. After tliis the price fell ra 2 )idly until 
in 1894 a minimum of 22s. lOd. was reached. For about ten years 
prices ruled low', and then there W'as a recovery, and the average 
price in 1909 was 36s. lid. In 1910-11 the price fell to 30s. lid., 
and in 1913 the average price w'as 32s. 4d. Alter the outbreak 
of war, owing to the difficulties of transport, there w'as an enormous 
rise in prices. In 1873, 3,700,000 acres were devoted to wheat 
in the United Kingdom, but with the fall in jnices land rapidly 
went out of cultivation, and in 1904 the acreage sown w'as only 
1,400,000, the lowest level reached. For the five pre-w'ar years 
the average area under wheat was about 1,900,000 acres ; during 
the war the wheat acreage was largely extended under the stimulus 
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of the Corn Production Act, until in 1918 the acreage was 2,800,000. 
Agriculture is one of the most «ssential industries, as the permanent 
material prosperity of a nation depends largely on the full develop¬ 
ment of the agricultural resources of the country. Unfortimately 
farming in this country did not prospr daring the period when 
large and cheap supplies of corn, meat, and dairy produce were 
imported from abroad, with the result that between 1871 and 1913 
the area under arable cultivation in Great Britain was reduced 
by 4,000,000 acres, or by more than one-fourth, and a large propor¬ 
tion of the rural population, either enrigi'ated or nroved into already 
congested industrial centres in search of employment. 

The average consumption of uheat (im]K)rted flour expressed 
in its ecpiivalent weight in graii'.) in the Unit<‘d Kingdom for the 
five years 1909-13 was 7,500,000 tons, of which 20 ])er cci'.t. was 
produced in the coiu'.trV, and the balan.ce im])orted. The sources 
of our wheat supjdies are varied, but those coun.tries which send 
substantial and regidar contributions are few. 

The shares of the juiivipal coun.tries from which tlie Un.ited 
Kingdom draws su])])lies of wheat aie shown in. the following table; 
flour, expres,sed in its ecpiivalent weight in grain, is included : 



l!t07 

liidS 

liK«l 

IllUl 

1!)II 

li)l2 

niK! 

IlH I 

1917 

I9I(> 

1917 lion 

C'aiiailii 

nil 

Mil 

17-2 

17-1 

Itiil 

2t-!) 

22-7 

2!)- 

2;ir> 

2:!-7 

21 ■:! 27-1 

AuHltalia 

71 

,">■:! 

\)’2 

11 o 

I.-to 

10-4 

S-7 

10-5 

0-1 

:!-7 

10-7 i 4-)! 

India 

l.')H 

::-7 

I2-!I 

I5-I 

is-o 

2o:> 


!)•! 

i:!-7 

4-9 

2-.7 . 0-S 

TitCal frum Britisli 
nnijiirt; 

.‘iCit 

24:. 

4(H) 

Ml 

IS-7 


■Hi-:* 

.•.()■(; 

:!7-7 

:!2(i 

1 

United States 

2S-S 


22 '2 

1.7-2 

17-!) 

2()-!l 

:!4S 

:t7-:! 

47-2 

(iiJ'U 

i 

r>H‘7 ; r)2’:{ 

Argentina 

1!(0 

2!>-2 

I7S 

12-S 

111-.'! 

17:! 

12:! 


12 0 

4 0 

til 1.5-5 

Russia 


4-7 

ir.-s 

24-:t 

lti-2 

7-;i 

41 

(i-3 

0-8 


0-1 — 

Total from Foreign 
Countries 

o:no 

7r>'r> 

)i)H) 

■ 

,w-o 


4(!-9 

63-5 

49-4 

02-5 

07-4 

0.3-4 69-4 
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The outstandkg feature of the trade durmg the war was the 
great increase in the imports from the United States. 

The imports of wheaten flour since 1909, with the principal 
sources of supply, have been as follows; 



1909 

■ 1910 

1911 

1912 

1913 

1914 

1915 

1910 

1917 

1 

1918 


Tom 

Tma 

Tom 

Tons 

Tom 

Tom 

Tons 

Tom 

Tom 

Tom 

From British 











Rinpirc 

129,200 

100,000 

ISS,l(K) 

2:i.5,.'>(H( 

22.'.,4(H) 

173,800 

I08,.7(K) 

2:i)!,H(Ht 

290,400 

300,:100 

Foreign countries 

423,300 

33K.OOO 

3I,-),im) 

273.900 

372.1HHI 

329.1(H) 

3.7.7.(KH) 

201.1(H) 

42(1,-700 

9<71,000 

Totul 


4flS,0tK) 

.•)03,2«K) 

■ 

rm,m 

<702,900 

.723,MK) 

497,9(H) 

710.!KK( 

1,317,IK)0' 

From Cianada 

103.(KK) 


103.4(H) 

1 

2tHI.2tH» I 

2()S.4(H) 

I0I,3)H) 

l(i8,(H)0 

2I1,3)HI 

197,700 

278,200 

Australia 

2fi,l(Kt 

20.4(M) 

22,2(H) 

34,.'))hi ; 

17,.'i(H( 

I2.4)MI 

1(H) 

2.7.)HH) 

92,<700 

Sl.tHH) 

France 

2fi,7(Hl 

21,900 

20.(MH) 

1S,,5(K) , 

l.7,(HH) 

I8,2(H( 

3.2()() 


- 

- 

Germany 

29,300 

29,400 

14,100 

IS,.7(H) ' 

22,S1H) 

10.8(H) 




— 

Austria-Hungary 

.■>,40fl 

0.2(M) 

.•|..3(H) 

,-,,S)H) i 

4.!HKI 

2,8(HI ; 

- 


- 

“ 

United States 

34(1,4(Kt 

25I,4(KI i 

2r0».S)KI 

201.I)H) j 

307,8)H) j 

277,91KI 1 

337,)HH) 

2.79. DM) 

102,100 

898,200 

Argentina 

4,200 

■p.IKKI j 

4.400 

1 

.■|.(KHI 1 

9,.7(H» 

2.iH)o; 

4,4)K) 

mi 

8)H) 

100 

China 

■■ 

_ 1 

t 

1 

1 

i 

i 

i 

j 



.7,800 

40,.700 


The United States and Canada are the principal contri})utors, 
followed by Australia; before the war France and Germany sent 
fairly large quaidities of Hour. During the last ten years the 
milling industry in the United Kingdom has been gi’eatly developed; 
the average quantity of wheat imported between 1896-1900 was 
3,332,000 tons, whereas the average inqwrts for the five years 
1909-13 amounted to 5,166,000, an increase of 1,834,000 tons. The 
imports of flour fell, however, from an average of 1,065,000 tons 
in the earlier period to 632,000 tons in the later period. In 1917, 
owing to the question of freight, imports of flour were above the 
average of the ten preceding years, whilst in 1918, they were greatly 
in excess of the average for 1896-1900. At one time flour milling 
was carried on at the principal centres of production, but the great 
development in ^be sea-borne trade, and low freights, led to the 
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establishment of flour mills in m^ny of the chief ports in this country, 
such as London, Liverpool, Hull, Glasgow and Leith, where most 
of the wheat is now dealt with. The average quantity of wheat 
milled in the United Kingdom during the five years 1909-13 was 
about 6,800,000 tons, which, on the basis of 70 per cent, of flour, 
would yield about 4,800,000 toirs of flour, 900,000 tons of bran, 
and about the same quantity of offals. The development of the 
milling industry is a most satisfactory feature in the trade of the 
coxmtry, as not only does the industry jrrovide employment for 
capital and labour, but the by-pioducts produced in the country are 
of great value to the fanners. Unfortunately in pre-war years these 
by-products were extensively exported to Denmark and Germany. 
The export trade in flour is not of great importance: in J 913 it 
amounted to about 80,000 tons, valued at £856,000, the chief 
customers being liussia, Norway, the Canary Islands, Eg)'pt and 
Malta. There is a considerable cx|X)rt trade in biscuits, worth 
£1,561,000 in 1913 ; in 1917 the value of this trade was £1,752,000 
but the volume was 20 per cent, less than in 1913. 

Oanada. The rapid development of wheat-growing in Canada 
is reflected in the following statement. 



IVrioil 

Aercagu 

I’KKluctiCill 




Tom 

l8Sl-% 


2,30(1,000 

1,000,000 

1!K)1-10 

.. 

i'),yoo,ooo 

1,050,000 



10,522,000 

5,571,000 

1U14-17 


13,771,(MXl 

7,370,000 

liUK 


17,341,000 

5,724,000 


Though wheat is grown in nearly every province the great 
wheat belt is the western prairie, and the finest wheat region is the 
rich valley of the Saskatchewan, where the grain grows to i.)erfection, 
and the yield averages over 26 bushels to the acre. On the prairie 
lands, which were first taken up, wheat is being grown year alter 
year without rotation and without manure. In time this must lead 
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to soil exhaustion, but there are vast tracts of land still available, 
the land area of the tliree Prairie Provinces amounting to 446,000,000 
acres. The further north wheat is grown, up to a certain limit, 
the better it is. The bulk of the prairie wheat is spring sown, and 
the chief dangers with which the farmer has to contend are hail 
in August and early aiitunm frost. The prevalence of smut is another 
draw-back, which lowers the yield and value of the grain. 

The average exports of wheat and flour for the five }'ea.rs 
1909-13 were 2,580,000 tons of grain, and for the four years 1914-17, 
4,712,000 tons. The United Kingdom takes nearly tlie whole of the 
grain, and about two-thirds of the flour exports. In 1913 the 
exports of grain amounted to 2,100,000 tons, and of flour to 350,000 
tons ; the corresponding figures for 1916 weie 3,800,000 tons of 
grain and 435,000 tons of flour. Cajiada also su])plies British 
South Africa, the West Indies, Denmark and N(uway uith flour. 

Australia. Wheat is the most im])or(ant farm crop in 
Australia; approximately half the cultivated area is under wheat. 
The area under wheat is, however, small relati\ ely to the area suitable 
and available for the cultivation of this crop. The cpu'stion of the 
available land and the limits of profitable cultivation was closely 
studied after the outbreak of war, and it has been estimated that the 
present average production of 103,000,000 bu.shels in the four prin- 
(dpal producing States, xsew South Wales, Victoria, South Australia, 
and Western Australia, could be increased five-fold. In addition 
Queenslaiid has large areas which will undoubtedly be cultivated in 
wheat as the country develoiI)s. The average yield of wheat i)er acre 
in Australia is low', in New' South AVales the average is under 11 
bushels, and in South Australia, where the crop frequently fails to 
mature, the average yield is only 8 bushels. With such small 
returns wheat only pays in Australia because of the low cost of 
production. Actual figures of the cost of growing wheat on large 
farms in districts of less than 20 inches mean aimual rainfall have 
shown that the crop can be sown and harvested fox from 21s. to 23s. 
per acre, yielding 12 bushels. The quality of the wheats grown in 
Australia is not equal to the hard Canadian wheats, but the grain is 
of even grade, ai^d has good milling quaUties. 
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The following statement shows the progress made in wheat 


c ultivation in Australia : 




Period 


Aunw under 
wheat 

Production 



1 

Tom 

1860-1 


182,(H)0 I 

j 

70,000 

1881-00 


3,200,000 j 

720,000 

1008-00 to 101 2-in .. 


. ‘ 0.791,000 ; 

2,241,000 

1013 -N to 1016-17 .. 


' 10.727,000 1 

3,129,000 


In 1010-17 the produetion was 4,139,000 toi\s. The average 
quantity exported during the five pre-war years was 1,345,000 tons. 
During the war large stf)cks of wheat accumulated in Australia 
as shi])])ii',g was not available for its transport. In normal times the 
United Kii'gdom takes over 70 per cent, of the total exports of grain, 
and al)out 1.5 per cent, of the fiour. Australia supplies flour to 8outh 
Africa, Portuguese East Africa, the Straits Settlements and the 
Philippine Islands. In 1913 it was estimated that 37,000,000 
l)ushels, or about 1,000,000 tons of wheat, were milled in Australia. 

India. Wheat is grown in all the provinces of India, but 
principally in the north-western part of the Indo-Gangetic plain, 
and in the (*ei\tral Provinces, ('entral India and Bombay. About 
35 per cent, of the total area is iu\der irrigation either in whole or 
in part. 

The area under wheat, and the production since 1891, are shown 
in the following table : 


Period 

Average 
area under 
wheat 

Average 

production 



i 

1 Tom 

1891-1900 .. 

25,200,000 

6,200,000 

1905-09 

28,000,000 

8,500,000 

1909-13 

29,200,000 

9,570,000 

1914-17 

31,070,000 

9,440,000 

1918 

35,470,000 

1 

10,330,000 
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In recent years the extension of irrigation in the Punjab has 
brought into cultivation large areas of land. The large increase 
in the cultivation in 1918 was due, however, to the substitution of 
wheat for other crops. In Upper Burma, especially in the 8han 
States, land suitable for wheat is available, and wrill be cultivated 
when communications are improved and settlers attracted to the 
land. There is no immediate prospect of largely extending the 
wheat area in the principal wheat districts of India, where most 
of the land is cultivated, except by substituting wheat for other 
crops; the production can, however, l)e increased by improved 
methods of cultivation and by employing improved strains of wheat. 
The introduction on a large scale of the improved Pusa wheats, 
which are rust-resisting, aiid give a greater yield than some of those 
at present grown, will, in time, increase the prodxiction. Wheat 
and barley are often grown together, and consequently the wheat 
shipments frequently carrj' a percentage of ])ar]ey. Under the 
terms of the Indian wheat contract of 1907, the admixture of barley 
was limited to 2 per cent. In recent years a great improvement 
has been made in shipping grain free from dirt, but the 2 per cent, 
allowance of barley is sometinres exceed<Kl. Soft wheats are largely 
grown in India for export; for local consunxption hard wheats are 
preferred. In the drier districts the durum varieties are cultivated, 
and a few hard winter wheats are to be found in the North. The 
substitution of superior typs of wheat for'the soft wheats now 
grown would not only meet the local demand, but also the require¬ 
ments of the export trade. The expjrts of wheat from India, which 
average less than 15 per cent, of the total pRsiuction, are influenced 
by the yield of other food crops, and in times of scarcity the exports 
fall away. Owing to the failure of the monsoon rains in 1918, wheat, 
is being imported into India from Australia. 

Between 1909 -13 the exports of wheat and flour averaged 
1,349,000 tons of grain. The United Kingdom was the best market 
for the grain; Continental countries also drew supplies from India. 
In 1913-14, 80,000 tons of flour were exported, principally to Eastern 
countries. The flour-raiUing industry in India is making good 
progress, but tl;^e bulk of the wheat consumed locally is converted 
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into flour in the primitive native mills, and the flour extraction is 

■V 

much greater than is customarydn Western countries. The consump¬ 
tion of wheaten flour ui India is increasing. 

Mesopotamia. This country is one of great promise for cereal 
. production. Before the war wheat and barley grown in Mesopotamia 
were shipped from Basra. The volume of the trade was not large, 
and it was carried on under great difficulties. Plans had been prepared 
for constructing important irrigation works which would have brought 
large areas of land into cultivation. Under Turkish rule, however, 
little progress had been made in carrying out these works, and the 
exactions of the local officials gave little encouragement to the Arab 
cultivators to extend their holdings. Since the war, under British 
administration, large areas have already been brought into cultiva¬ 
tion by the extension of irrigation canals, ai.’.d under a just rule 
cultivators are row able to enjoy the fruits of their labour. Com¬ 
munications by road ai'.d river have been improved, and Basra, 
transformed into an up-to-date port, promises in the near future to 
be an important centre of the cereal trade ; its position in regard to 
India is of sonie importance, as the surplus crops of Mesopotamia 
will be a safeguard for India when the monsoon rains fail in that 
country. 

Britisll Bast Africa. During recent years the cultivation 
of wheat has been taken up by farmers with considerable success. 
The Nasin Gishu Plateau, covering an extensive area at an. 
altitude of from 6,000 to 7,000 feet, is an excellent wheat country 
as regards both yield and quality ; the country -is flat and free 
from timber, and offers every facility for growing wheat on a large 
scale. Proximity to the railway is one of the important factors 
in growing wheat for export, but with improved communications 
there should be an outlet for the surplus produce of the country. 
Rust has proved troublesome, but as the result of experiments, 
rust-resisting varieties of seed are being found, and it should be 
possible for this country to produce wheat on a large scale. 

Northern Africa. More than four-fifths of the total area 
cultivated in Egypt is capable of growing wheat, but so long as 
cotton remains the highly remunerative crop it is, there is very 
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little cliaiice of extending wheat cultivation. During 1916 and 
1916, owii'.g to resti'ictions in the cultivation of cotton, the wheat 
area was extended and there was a surplus of grain for export. 
Under normal cojiditions, however, Egyj)t does not grow enough 
cereals for her own requirements. 

Algeria an.d Tunis produce at ])resent about 1,200,000 tons of 
wheat, of which Algeria exports altout 1.50,000 tojis. Hard durum 
wheats are largely grown by the natives, and the yield ]>er acre 
is very low. The Fi'ench cnlonists in Algeria, who cultivate the 
ordinary French varieties of wheat, obtain very good returns. 

Wheat aiid barley are extensively grow'u in IVIorocco, and 
before the w'ar the wheat exports averaged about 30,000 tons. 
With the improvement in the position of the natives under a better 
government, more land will come under cultivation, .and by the 
provision of roads and railways opening up new districts, and reduc¬ 
ing the cost of tTai\sport to the ports, there should be a gre.at advance 
in the export trade. There are numerous flour mills in IVforooco, 
and also factories for making Italian pastes, for which the hard 
Moorish wheat is very suitable. 

Russia. Before the war wheat cultivation in Russia was 
making great progress, es]X'cial1y in Little Russia, and the regions 
of the Middle and Lower Volga, where the finest qualities of wheat 
are grown. In the Caucasus, Turkestan and Western Siberia 
the wheat areas were also being extended. Wheat exports had 
been advancing, and for the five pre-w’ar years amounted on an 
average to neatly 4,500,000 tons a year. The quantity exported 
varied greatly from year to year : in 1908 itw'as as low as 1,600,000 
tons, and in 1910 it w^as over 6,000,000 tons. Siberia has hitherto 
been little developed as a wheat-growing country; in Eastern 
Siberia rye is grown, and forms the chief food of the people. This 
country, with the neighbouring Chinese Province of Manchuria, 
contains vast tracts of land suitable for wheat. Owing to the 
ripheaval in Russia and the utter disorganization of all means of 
transport, it cannot be expected that exports of cereals on a large 
scale will be renewed, even for some time after peace has been 
restored. \ 
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United States. At the present time the United States is 
the greatest wheat-producing ctmntry in the world. The estimated 
production of wheat in 1919 is 1,300,000,000 bushels, or about 
34,800,000 tons, which represents more than one-fourth of the world’s 
production of this cereal. The following statement shows the great 
advance made in the cultivation since the outbreak of the war: 


Poricxl 

1 

Average 
area i 

! 

Average 

production 

Average 
yield per 
acre 



Arrfg 

Bvsheh 

Jivsheh 



43,100,000 1 

559,000,000 

13-0 

I90(W)9 


46,678,000 j 

659,509,000 

140 

1909-13 


47,068,000 j 

085,259,000 

14-5 

1914-17 


r)3,038,000 

799,.320,000 

15-0 

1918 


58,852,000 

917,000,000 

15'5 

Estimatwl 1919 


1 

1 

1,300,000,000 1 

1 


The Government encouraged farmers to grow wheat by various 
concessions and by fixing the price of wheat in advance of sowing; 
for the 1919 crops the fanner was guaranteed S2-20 per bushel, 
which compares favourably with the average farm price of 87 cents 
per bushel obtained between 1909 and 1913. Prior to the outbreak 
of war exports had been declining; the average exports for the five 
pre-war years were 2,900,000 tons, whereas between 1900 and 
1902 they had averaged 5,790,000 tons. This decline was caused 
partly by the small amiual increase in production, and also by the 
rapid increase in population, and by a considerable increase in per 
capita consumption. With increased production, and economy in 
consumption during the war, exports have rapidly advanced and 
averaged 5,676,000 tons between 1914-17. The exportable surplus 
for 1919 is estimated at from 360,000,000 to 400,000,000 bushels^ 
or rather less than one-third of the estinaated production. Various 
kinds of wheat are grown in the United States. The hard spring 
wheat, comprising about one-third of the total production, is grown 
principally in Minnesota and the two Dakotas, and is of fine quality, 
similar to the wheat produced in the Middle Volga Region of Russia. 

7 
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About two-tbirds of tbe wheat is winter sown, and a very large 
proportion 'of this is raised in the Central Western States, of which 
Kansas is the most important. The wheats grown in the Pacific 
and Western Intermontane districts are generally soft and starchy. 
Much imimproved land suitable for wheat still remains, and the 
yield per acre, which is low, can be improved. The flour manu¬ 
facture of the United States is of great magnitude, and the flour 
export trade much the largest in the world. Between 1903-07 
the exports of flour averaged 1,335,000 tons ; before the war the 
average had fallen to about 1,000,000 tons, but during the war the 
average was nearly 1,500,000 tons. The United Kingdom is one of 
the principal customers for flour ; South American countries also draw 
their supplies largely from this source. During the war France and 
Italy had to indent extensively on the United States. 

Argentina. Although at so early a date as 1586 wheat grown 
m La Plata was milled at the city of Cordoba, it was not until 1890 
that Argentina ceased to import both wheat and flour. In recent 
years the production of wheat has increased to a remarkable extent, 
as the following statement will show: 


Feriod 

' .. 

1 Area under 

1 wheat* 

1 

1 Production 

Exportii 


1 Aera \ 

Tons 

Tons 

1890-91 .. 

.. ! 1,981,000 I 

796,000 

370,000 

1899-1900 

.. i 8,027,000 

2,587,000 

1,804,000 

1907-08 

.. : 14,227,000 

I 4,900,000 

1 3,400,000 

1909-13 .. 

1.1,785,000 

4,282,000 

2,586,000 

1914-17 .. 

.. ; 17,864,000 

6,900,000 

1 


The principal type of wheat cultivated is the semi-hard red grain 
.of Italian origin, which does not degenerate; soft French, and 
Russian varieties, and also hard durum wheats for the local manu¬ 
facture of macaroni are also grown. In the colder southern regions 
a fine quality of hard winter wheat is now being cultivated. 
The principal wheat areas .are in the provinces of Buenos Ayres, 
Cordoba, and''^anta F^, but it is probable that the wheat belt will 
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tend gradually more south, and that La Pampa will eventually 
become the chief source of suppty. The breaking up of large estates 
has enabled the people to buy small farms, and has encouraged 
settlement on the land. The average yield of wheat per acre is 
small, as the crops are liable to damage from locusts and drought. 
With improved cultivation and abatement of the locust plague 
Argentina should be able to raise much larger crops. There are 
numerous flour mills in the country, and exports of flour have 
averaged about 120,000 tons, the bulk of which goes to Brazil. 

Brazil. Wheat was formerly growm in the three most southern 
States, but the cultivation was abandoned because of the prevalence 
of rust. The advance in the material condition of the people of the 
country has resulted in a demand for wheaten bread in place of bread 
made from mandioca flour, and to meet this demand, flom and 
wheat have been largely imported from Argentina. For some years 
past the Government have given every assistance and encouragement 
to farmers to grow wheat, and good progress has been made in the 
southern States, where there are extensive areas of land suitable 
for wheat and also well provided with transport facilities. There 
appears to be every prospect that Brazil will be able to supply her 
own requirements m course of time, and also have an exportable 
surplus. 



THE GROWTH OF THE ^UOAROANF..* 


BY 

A. BARBER. C.I.E., Sr.D., P.L.S. 

II 

In the last article the grow't.h of the siigarcane plant was traced 
from the planting of the seed or set to the stage when the actual 
canes appear above ground. This embraces the first of two well 
defined periods of growth. The second jieriod covers the whole 
subsequent growth in the cane field and consists essentially of the 
lengthening and ripening of the crop of cai’cs. To recapitulate, 
the manner in which the main stem gives off leaves, branches and 
roots was described, together with the way in which each of these 
branches develops. A complex mass of -shoots is thus formed 
underground, each of which sends up its leaves above the surface, 
for the purpose of obtaining fresh supplies of food from the air 
while, at the bases of the leaves, it gives off series of ever thicker 
roots which penetrate the soil, and supply it with watery .solutions 
of the salts needed for its further growth. In this growth, the 
parts, originally laid down in one plane, alter their relative positions 
according to their individual needs of space in the ground 
and in the air, and it was pointed out that nrany of them arc 
crushed out of existence in the process. The roots and leaves de¬ 
velop much more rapidly than the stem bearmg them, and, when 
the latter emerge from the ground, the leaves are already three to 


* Repriaied irom (he Ivitmatioml Svgar Journal, November, 1919. 
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four feet in length, and the plant is fumiehed with a maaa of fibrous 
roots, penetrating deep into thelioil. This, the first period of growth, 
is mainly subterranean, and lasts until the stems of different orders 
of branching begin to appear between the bases of the lower leaves. 
The main points to be kept in view, in this period, are the upward 
increase in the thickness of the stems, the protrusion of buds from 
the leaf axils and the increasing length and thickness of the new 
sets of roots formed on successive joints. The new leaves, mean¬ 
time, become larger and broader at their base, soon completely 
encircle the joint till they overlap and enclose the younger parts 
in a set of enveloping sheaths. The length of successive joints 
also increases until all the growing parts are raised above the level 
of the ground. 

The early stipes of growth were traced both in cane seedlings 
and iji plants grown from sets, and it will not be out of place here 
to refer to the reasons why the latter method of propagation is 
ahva}'s adopted in sugarcane cultivation. While flowering is very 
common in the sugarcane, seedlings cannot be grown on an estate 
scale for several reasons. There are many kinds in which flowers 
are not foui-d at all. In others, the flowers in the arrow are im¬ 
perfect or, even when apparently perfect, turn out to be sterile. 
Again, when good seed is found in abundance, it is so small that 
planting from seed would be a very difficult and tiresome operation 
on a plantation. The time taken between sowing aird reaping, as. 
has already been pointed out, is much greater in the case of seed- 
sown plants than in those grown from cuttings. While a set will 
produce its bunch of canes in about 12 months, the plant produced 
from seed needs more like 16 to 18 months for it to reach maturity. 

.4s will be seen later, the canes in a bunch vary a good deal among 
themselves, but this is much more promment in canes groum from 
seed. An even field cannot be expecteil from seed-grown canes. 
Lastly it is only within recent years that it has become generally 
known that good canes can be raised from seed, but, even if it had not 
been so, the vegetative method of planting would always have held, for 
the following reason. Plants produced from sets are exactly like their 
parents, and all the good and bad qualities of the variety are handed 
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down intact. The set is merely a piece of the parent plant cut 
ofi and given a prolonged existence. On the other hand, aU seed*- 
lings differ from their parents. Sometimes these differences are 
so small that they are inmxaterial, and this is the case with cereals 
and other plants cultivated for their seeds; but, in the sugarcane, 
potato, apple, mango, orange, the variations are so great that a 
large number of worthless plants appear if seed is sown. Thus, 
besides the lateness of the crop grown from sugarcane seed, it would 
consist of a heterogeneous mass of canes differing in ripeness, sweet¬ 
ness, thickness, and every conceivable property. This subject ha.s 
been introduced here because the writer has, not infrequentl/, 
been asked to send seeds of good cane varieties, raised on cane 
seedling experiment stations, for grouiih on a crop scale. 

The second period of grov'th consists, pr'marUy, of the elonga¬ 
tion of the stems by the formation, in rapid succession, of much 
larger joints than those foimd xmdergroimd, 'm other words, of the 
formation of canes. The two periods are much more pronounced 
in grasses or grain crops, and the growth in the second period is, 
in these cases, obviously for the purpose of lifting the flower into the 
air, so that pollination can be effe'-ted, and raising the fruit from 
the ground so that it can mature in the smr and be scattered abrdad. 
The wild sugarcanes are still propagated by seed, and the habit 
has smwived in the cultivated forms, although it is no longer neces¬ 
sary for them to be spread in this way. As we have noted, many 
cultivated canes still fonn flowers and seeds, and this fornration 
closes the second period of growth. When the young canes are 
detected between the lower leaf-sheaths, they have already reached 
about normal thickness, and practically nothing is added afterwards 
in this direction. Further, no more branching or root formation 
is expected or desired. This is due, in the first place, to the absence 
of the forcing influence of the moist earth, and, in the second, to 
the repressive influence of light, at any rate on root formation. 
“Shooting” and “Rooting” therefore cease abruptly, and, although 
the buds and root-eyes continue to l)e formed in each joint as usual, 
they remain dormant or inactive. But it is because of their pre¬ 
sence that it is possible to plant any cut piece of cane, with the 
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oertainty that it will grow into a new plant. The moment darkness, 
together with moist earth, are present, both bud and root push 
their way out and commence growing. 

Branching and rooting of the aerial portion of the cane plant 
Me undesirable from many jwini-s of view, and it will be well to 
.consider the matter in some detail. They weaken the plant, use 
up stored sugar and, by changing a further portion of it to the 
uncrystallizable form, decrease the richness of the juice. The 
(MBies of a healthy field crop should be as free as possible of lateral 
shoots and masses of roots, and, if these appear, we must adopt 
any means at hand to check their development. In many moist 
climates, where the rain collects in the bases of the older leaves, 
we find, on tearing them off, that the buds are shooting and the 
foots protruding. T^e usual remedy for this is to strip away the 
ilying leaves at intervals. This “ trashing ” of the canes is regu¬ 
larly done in certain tracts, and might, perhaps, be extended else¬ 
where. Li North Bengal, for mstance, where trasliing is unknoTO,. 
it'is easy, after stripping the canes at harvest, to mark the exact 
lX)ints in the formation of the cane, when the rains set in and when 
they ceased tt) flood the land. About half-way up the cane, the 
joints bear protruding buds and masses of crumpled roots, while 
these arc not present above or below. It is accordingly suggested 
that, at the outburst of the moiisoon, a thorough trashing should 
1 ) 0 . tried, to .see if this loss of energy can be prevented. 

When canes fall dowr and li(' on the ground, shoots and roots 
are not long in making their appearance on the joints of the fallen 
plant, owing to the comparative absence of light and the contact 
with the moist soil. The canes, in recovering their normal petition, 
become curved and twisted, and the difficulty of reaping and handling 
are increased. Various means are adopted in different places to 
prevent this “ loc^rg ” of the canes, from earthing them up at the 
base to tying them roughly together. Probably the latter method 
reaches its greatest development in the Glodavari district of the 
Madras Presidency, where abimdant irrigation and rich soil, coupled 
with forcing heat, cause the canes to grow to an enormous hei^t 
(Plate XVU, ffg. !)• In one case a field was observed by tffie writer 
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in this locality, with an average height of twenty-five feet. As this 
part of India is liable to be visited by violent cyelonic storms during 
the growing season (Plate XVII, fig. 2) a series of “ wraj^pings ’’ ha\'<‘ 
been introduced, and form an imjwrtant part of the cane cultiva¬ 
tion. Several of the older, but still firmly adLering. leaves of the 
cane are twisted to form a band, with which it is tiec. to its iioigh- 
boiirs, while still quite small: ai:d the whole fit Id is treated iji this 
w'ay (Plate XVIII, figs. I and 2). In .. well crown iield as many asstncii 
successive wTrappings are done, and the hist tw'o or throe are perform¬ 
ed from the tops of iimncnse three-l('gg('d stools: the operatioji 
costing a great deal tlien, because of its eom]taiati''.e slowi;ess. 
But this is not all. The buiiches oi cane shoots thus laoughr 
together are fastened to upright bambtos sunk in 1h(' ground, and 
these are of three sizes. At first thin bamboos su]>por1 the eai>.fs 
of a single bush: later on, larger ai:d thicker ones bring several 
bushes together, and, lastly, tall, thick banilHK)s comjtletr- the woik 
and unite several of the full grown elurtqis together. TJie liarulioos. 
especially the large (uies, last for sereial years arid air* earr-fuliy 
stacked at harvest time; but it will be readily under-stood that the 
practice, as a whole, is a very expensive one. d'he following noies 
were compiled at the Samalkota Sugar ( ane Faiiii. 'Pin THp])ings 
in a fairly gootl crop may lx*, put down as costing iJs. 37-12-(» per acre. 
The bambcK)s, wliich are floated down the (J(Hla.vari Kiver in rafts 
from the hills, wdll cost Jis. 100 p>r- acre in a freshly started planta¬ 
tion, and, after that, an armual charge of Rs. 2(> should ox)ver the cost 
of replacements. After tlu-ec or four years, the old bamboos may be 
sold for mid fencing, etc., at from Rs. (5 to Rs. 8 ])er acre per annum. 
There is thus a recun-ing charge for bamboos of alxnit Rs. 20 jx-r acre 
per annum. 

Shooting of the cane, often accompanied by rooting, is met with 
when theie is any sudden check in giowlh. This check may be due 
to accidental injuries, the attack of insect pests or other causes, 
and, if arrow's are formed, the upw'ard grow'th of the canc ceases. 
In these eases, the roots and leaves still actively growing and siding 
up masses of ^rmative material, the stream of nutriment is sufficient 
to force the buds to activity and they shoot out and form bunches of 
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green leaves. As floweiing often takes place before reaping, this is 
difficult to check. The cutting of the young ancows makes little or no 
(lifTorencc, and the formation of seed is of far less detriment to the crop 
than the sh(K)ting of the buds. Many of the new seedlings ffi^wer 
))rofusely, which is not to be wondered at when we remember that 
they arise of necessity from freely flowering parents. But the matter 
stiould receive some attention, ai'd, when, possible, such new varieties 
should be introduced as have a minimum of this habit. When 
floweriixg coinnu'nces, all grow'th in length ceases in the sugar-forming 
i(.>ints, and thus the weight of cane per acre is reduced; but it does 
I'nt appar that floweiing is of itself detrimental to the richness of 
tin* juice, lieoause, as the results of majfv anah'ses, it has been found 
< hat at harv(>.st canes that have arrowed frequently show’ a richer juice 
t h;i.n those that have not. 

When all is said aj;d done, the best rvaV in w'hich to rid oiu's .self 
f>f undesirable charac-k'ristics in plants is l.y th(‘ .sehetion an.d growth 
of varieties which juove themselves to be fiee from them in the locality 
('(U’cerned. We have now reached the stage of fighting disea..scs in 
erojvs by indirect methods. The seirfi in Java was mastered by abohsh- 
ii'g ratoons, raising ])lanting material in separate hill nurseries, but 
ehieflv br the introduct.ion of new kinds of cai.e ; and mo,st faults in 
l h<‘ canes can lx* e()mi)ated by a .similar trial of new varietic.s, coupled 
with good cultivation ar.d .sjecial attention to drainage—in other words, 
in gi'ing the newly introduced canes ever}- (hance of normal, healthy 
growth. And the matters of sheading and rt>e)ting and the lexlging 
which encourages themr .should be approached in the same manner. 
Some varieties .slioot anel root much nuae than others, and the extent 
to which they do so varies gi’catly in diffi'ient ])laces. Many jk’w 
scedling.s with excellent proprties of } ield and juice are hable to fall, 
and show this tendency more in some climates and soils. A cane 
wdiich will stand erect in a stiff, claye}' soil, will, for instance, fall all 
over the ])lace in light alhn iuiu ; and this accounts for the extraordi- 
Uiiry favour exhuidcd to 117/vVc Tamm in the light soils of Ik'ngal. The 
mo.st interesting case met w'ith by the writer was that of a seedling, 
raised in the Coimbatore sugarcane statkm, which prtKiuced a tufted 
bush of shoots with two or three long canes emerging therefrom. 
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These eanes never rose from the giwiiuh Init crept along its surface, 
(hie of them was found winding ill and out like a. snake among the 
neighbouring seedhngs, and, u|K>n Ix'ing extricated, measured twenty 
feet in length. 
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Thk of 11 r‘ 'I'ractor Triul.^ Ju-ld iiiuk-t tlic au.sjuci'.s uf 

till' Sociclv of .Motor Ma.imfiiriurcr.s and Traders, during tlio na.iith 

k/ 

of Sc],temper ItHtK is a.t last ],ublished. Jt is ratlier an iinj)osing 
nnldicatioii. ])erlia])s it is faiirr (o siy that in importance it compares 
well with tJic event wiiicli it concludes, fuse the word “con¬ 
cludes" advisedlv. sijne.. as was widely advertised jdor to the 
trials, they weie not eoiujiletc. noi' was their ],urp('se.served in it.s 
entirety, until the observations of tin' intere.sted .s],ectators were 
,Mi|)])lemented by the a,dvice of tlu' exjierts who were appointed 
judgi's and ti'cludeal advisers. Ih’ojierly to ha.\c iulhlled it.s jiui- 
there can be no denying that it .should iuive been issued 
within, at the most, a f(‘w weeks oi the conclusion of the trials. 
However, thi.s much can at least be .said : the compilers have done 
their work well, and the Jtejiort is worth waiting for. 

It is convenientlv divided into four .sections. The lirst part 
gives the ivgulations and coiiditions governing the t.iials. it is 
concluded by a maj) of the ground. The .sec(,nd ])ortion gives the 
rejiort of the teidiidcal a.dviser aiul includes a. number of useful 
tables. The third part is also the work of the technical adviser; 
it (‘lubodies technica.1 de.scriptituis of each and e\ei) ti.ictoi, lach 
deseri])tion being accoinjianied by an illu.stration ol the machine 
to which the te.xt refers. a.s well as a. reproduction of the chart 
which gra]thicall\' shows the tractor s l,ehaMour during the dynamo¬ 
meter f.t'st of its drawlair I'ajiacity. J he fouith jiiUt (.ontains 
the judges rejiort ol the tra.ctors and imjilements. Iheie ai“. in 
addition, sonu* sujij'hunentary liiustratioiis. sh<wmg the typeo of 
dynamometer u.si'd, and th(“ form ol luterchaugeable liiu u.sed by 
the darner tractoi'. The Heport occiijiies in all just one hundred 

♦ nqiiDiliU'id fiimi t'oiiidri/ Lifh dakd I7tli January. 1920. 

( if41 ) 
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pages, of which it may be said that a single one omitted would have 
been missed. 

Technical adviser’s the lion’s share. 

The technical adviser, Mr. G. W. Watson, appears to have been 
responsible for the lion’s share of the work. His Keport is sum¬ 
marized under ten heads; (1) Drawbar dynamometer tests, (2) 
Ploughing resistance dynamometer tests, (3) Ploughing heavy land, 
(4) Ploughing cliff land, (5) Haulage tests, (6) Tlneshing tests, (7) 
Mechanical construction, (8) Safety of operation, (9) llesults of test 
on oil, (10) Brief descriptions of each make and type of tractor 
engaged. 

With the method of carrying out the dynamometer tests, I 
do not propose to deal. I described it at some length a short time 
ago. The important results are tabulated, in comj)any with essen¬ 
tial technical data regarding each tractor, in Table 1, which also 
contams much useful hdormation directly obtained as a result of 
the drawbar tests. Perhaps that column which will make tlie 
most direct appeal is the one iji which the caj)ital cost j)er 100 lb. 
of drawbar pull is given for each tractor. I'he actual horse j)ower 
available at the drawbar, when the tractor is travelling at its normal 
speed, is calculated and tabulated, as is also a figure for the “ efli- 
ciency of adhesion ” of the machine. The last named is obtained 
by proportioning the drawbar pull to the weight of the tractor. Its 
value, as Mr. Watson points out, lies rather in the indication which 
it gives of the efficacy of the type of spud employed. No infor¬ 
mation, unlortunately, is vouchsafed as to the type of sjnids actually 
used by each tractor during the trials, so that the in.formation will 
be of direct use to the individual manufacturer only, although 
the user will, of course, reap the benefit ultimately. 

Ploughing resistance. 

It was a novel and sound idea to ascertain the ploughing resis¬ 
tance of every field in which trials were held. Mr. Watson states 
that it was his intention to go furtlier than this, and test each indi¬ 
vidual type of plough, from which bold venture he was prevented 
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by the difficult transport conditions then prevailing. For strictl}' 
accurate results such tests are perhaps necessary. At the same 
time the labour involved would be considerable, as I doubt whether 
it would be sufficioit to fiiake comparative tests in one class of soil 
only, and to test each type of plough in each class of soil would be 
work for an army of technical advisers, even of such as Mr. Watson 
evidently is. The results of these tests are given, in conjunction 
with other data relating to the performances of the tractors in the 
fields concerned. That is to say, the ploughing resistance of the 
heaA'}’’ land is tabiilated with the figures which give the perfor¬ 
mance of the machine in that land (Table II), while those obtained 
from the light land arc similarly collated with the data in connec¬ 
tion with the work jierformed there. In the heavy land, the soil is, 
with two exceptions, classed as heavy clay, and the resistance, 
apart from the two exceptions named, varies from 10'90 lb. to 
J2’30 lb. per square inch of the sectional area of the furrows cut. 
That is to say, for a furrow 10 in. wide by 5 in. deep, the resistance 
would vary from fifty times 10 90 lb. to fifty times 12‘30 lb., namely, 
.'>05 lb. to ()15 11). The difference in the nature of the soils worked 
on the .second day of the trials is much greater than this. They 
\'ary from light loam through medium to heavy loam, and the 
ploughing resistance from 7’91 lb. to 11 •40 lb. j)er square inch, .so 
that a plough cutting a furrow 10 in. wide by 5 in. deep might call 
for an effort of anything between 395 lb. and 570 lb. 

Other figures of ii\terest in these two tables (II and VI) refer 
to the delays which occuii’ed to the tractors during the day. The 
.stoppages -were remarkably few. Leixgthy stops only occurred in 
connection with the ploughs. Mechanical troubles of any conse¬ 
quence occurred only in respect of two tractors, and apart from 
these the maximum time lost by any tractor was thirteen minutes. 

Acres per hour. 

Most of the important data have been separated from Tables II 
and VI, and are repeated in smaller tables, of wliich III, IV and V 
give the ploughing capacity of the tractors in acres per hour, the 
fuel cost per acre, and the fuel cost per hundred pounds of drawbar 
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pull respectively while operating in the heavj’^ soil. Tables VII, VIII 
and IX give corresponding figiues for the work performed in 
the light land. On accoimt of their simplicity, 1 do not doubt 
that these tables will make the most direct appeal to the lay reader, 
particularly as the information, which th(^y give answers so aptly 
the questions which the farmer naturally asks when he is endea¬ 
vouring to discover the type of tractor most suited to lus needs. 
The figures will no doubt surprise many. In no case, for example, oji 
the hea\’y land does any tractor accomplish the “ even time ” of 
tractor working ploughing ** an acre an hour." The nearest ap¬ 
proach is made by the Fiat, which turned over an average of 0'87 
or nearly seven-eightlis of an acre per hour. ()i\ th(‘ light land 
one tractor exceeded the average of an acre per hour. The tractor 
concerned was, however, the only steam-engined machine present. 
Of internal combustion engined machines the Fiat again showed 
to best advantage, accomplishing 0*9.3 acre per hour. Twenty- 
three out of thirty-four tractors averaged more than half an acre 
an hour on heavy land, and all ])nt five of the thirty-seven which 
demonstrated on the light land exceeded that amount. The average 
of all the tractors on the heavy land was 0*578 acre per hou)*, and 
on the light land 0*663 acre per hour. 

Fuel costs. ‘ 

In regard^ to cost of fuel per acre most divergent results are 
recorded. Certain machines used petrol throughout, and therefore 
show to considerable disadvantage on the fuel accdunt, even if they 
may have the advantage of the others in other directions. Apart 
from these, however, the difference between best and worst is 
almost 200 per cent, in excess of the former. On the heavy land, 
for instance, whereas the Blackstone Track-layer ploughed an acre 
at a cost of 3s. for fuel, and tops the list on that account, the Illinois 
used paraffin costing 8«. lid. while doing the same work. It is only 
fair to point out that the latter machine was cutting soil a little 
stiffer than that which fell to the portion of the Blackstone, and was, 
moreover, ploughing to a depth of 6 in. as against the Blackstone’s 
6 in. An even greater discrepan(^ is observable between the 
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performance of the paraflBn users on the light land. While the Fiat, 
which again heads the list, cuts an acre for 2s. 5d. the corresponding 
figure for the Pick is 8s. 4d. and in this case, although the Pick was 
cutting half an inch deeper than the Fiat, the soil which it was 
working was considerably lighter in texture than was the case with 
the least expensive worker. Some of the difference may be due to 
variation in plough draught, although there is no evidence either 
for or against this assumption. In any event, he -would be a bold 
man who would assert that any one plough could be 200 per cent, 
more difficult to haul than the lightest draught implement made. 
The average cost of fuel per acre on the heavy land, considering 
paraffin-burning tractors only, w-as 5s. \\d., and on the light land 
4a. 2\d. 

Fuel cost in relation to drawbar effort. 

I w’as at first somewhat puzzled and I anticipate that many 
readers of the Eeport wnll be similarly at a loss to understand the 
object in publishing Tables V and IX, which give the cost pr 
hundred pounds of drawbar pull pr acre ploughed. After con¬ 
sideration I have come to the conclusion that the object is that of 
correcting the previous tables which give the cost per acre, in which 
tables the incidence of drawbar pull, or depth ploughed, is not 
taken into account. Thus in the hea-vy land the Blackstone Track¬ 
laying tractor costs least of any for fuel pr acre ploughed, but 
when the pull exerted is taken into account it is beaten by the 
Clayton and the Overtime, botji of which pulled four-furrow 
ploughs as against the Blackstone’s three. However, since the soils 
worked by the three tractors were pretty much the same in all cases 
and the depth of ploughing the same too, it would appar that the 
smaller machine is really the more economical after all. The 
e-vidence, however, is not conclusive. 

Hauling and threshing. 

All the machines which demonstrated their ploughing capacity 
were not entered for the hauling and threshing. As a matter of 
fact, only eleven took part in the hauling test and thirteen in the 
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threshing trials. The results were generally satisfactory but figures 
showing the comparative performances of the tractors are not given 
for reasons which are explained in the Report. The outstanding 
lesson of the haulage test was the superiority of rubber tyres. 
Every machine fitted with rubber tyres made the ascent of the 
somewhat steep hill successfully. Of the steel-tyred tractors onh' 
the heavy weights, which the judges state are too heavy to be 
suitable for tillage operations, were able to i^erform satisfactorily. 
That the tractors all came tlnough the threshing test without trouble 
only goes to confirm what I have pouited out in these columns, that 
given a tractor engine which is in good condition, and provided 
that the corn is fed judiciously, there is hardly a tractor on the 
market which is not capable of driving a full-sized thresher. It Ls 
when the machine has to be hauled from place to place that trouble 
commences, the standard types of thresher weiglung five tons. 

Mechanical coNSTRUcmoN. 

As regards the mechanical construction of the tractors, t!ie 
Report is a favourable one. One or two exceptions to this general 
rule are mentioned, and the technical adviser’s opinion as regards 
safety of operation is also favourable, except as regards two machines. 
No special results seem to have accrued from the tests of the used 
engine oil; whatever there are seem to be negative. Probably the 
truth is that the trials were not of sufficient lengtJi to affect the oil 
one way or the other. 

- Descriptions : the dynamometer charts. 

With the descriptions of the tractors we do not need to concern 
ourselves here. Each is followed by a brief specification of the 
machine, the data therein contained Ireing largely the same as 
that which is tabulated in Table I, with additions. The dynamo¬ 
meter chart for each machine concludes each description. 

Judges’ report. 

The judges have been outspoken, but somewhat brief. Not 
a few manufacturers will find themselves disagreeing very strongly 
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with the opinions expressed, which in a way is as it should he. At 
the same time, there will be many, I anticipate, who will complain, 
with some show of justice, that the judges have not been sufficiently 
explicit. It hardly seems fair, for example, to say, as occurs in the 

Report of one machine, that “Its performance.was not 

satisfactory,” without amplifying the statement by indicating the 
direction wherein lay the fault. Reading through the Report, it 
becomes apparent that the authors are of the opinion that the limit 
of tractor weight for satisfactory use on the soil, except when the 
weather is particularly favourable, is 2 tons 10 cwts. With that 
opinion there will be few to disagree. On the other hand they 
appear to think that the heavier machines are well adapted for 
haulage on the road, and the farmer who wishes for a general pur¬ 
pose machine will have to decide for himself as to how far he can 
reconcile the.se conflicting conditions. Where a machine is con¬ 
sidered as a hauling engine, the tendency appears to have been to 
condemn it if it is not properly equipped with a double set of brakes 
and springs. The judges, too, have set their faces against any 
tractor which, in preparation for threshing, has to be reversed into 
position; in several cases they state : “ It is inconvenient to set in 
position on account of the fact that it must be placed with its rear 
wheels towards the thresher.” They are equally intolerant of the 
tractor which has to be set transversely to the belt drive. 

The Report. 

The Report is available to the general public, and I am asked 
to state that all enquiries concerning it should be addressed to the 
Tractor Trial Organizer, the Society of Motor Manufacturers and 
Traders, Limited, 83, Pall Mall, London, S. W. 1. Its price is 3s. post 
free and remittances must accompany orders. 
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MOTOR TRACTOR TRIALS AT NAGPUR. 


A VERY interesting “ meet ” was held at Nagpur durijig tl\e 
week begummg on the 16th Fehruarj', 1920, for the purpose of 
testing motor tractors. Of the tractors which were expected to 
compete only five were present. Those were as follows:— 

Halrd 


F.I.A.T. 


H . //, 

^ydylit 
C.tKKI 111, 

Lauson 


2r > 

C.Stt) 

Austin 


2 r , 

2,000 

Forclson 


22 

2,000 

Cleveland 


21 



Though the numbers were few yet the interest of these trials 
lies in the fact that it is the fust time that tractors have been tried 
in black cotton soil. These black cotton soils diy and crack 
very deeply and, when cultivated, turn up in big concrete-like 
blocks. Under these conditions a light machine, travelling partly 
on the land and partly in the f uitow, is completely at sea, however 
useful such light machines have proved themselves in other parts 
of India. 

The F. I. A. T. Mrith a drawbar adjustmeixt, which enables 
the tractor to work on the land while having sufficient power and 
weight to stand the consequent side pull, W'as q\iite capable of 
tackling any class of land put before it. 

Neither the drivers nor the implements were up to the standard 
of the tractors. The former obviously lacked the experience which 
will come with time. In some cases drivers did not lift their ploughs 
at the headlands and thus put a strain on the plough beanis which 
no implement is designed to stand. 

( 348 J 
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The implements were all of the self-lift t 3 rpe. Riding ploughs 
would have made much better work, the extra man involved is of 
little moment compared to the resulting advantages. 

None of the tractors had any mechanical trouble during the 
week in spite of the severe strain involved, and this is a good proof 
of the standard f)f mechanical perfection to which tractors have 
now attained. 

The Agricultural Department of the Central Provinces is to 
be congratulated on the success of the demonstration. Messrs. 
Clouston, Allen, Flymen and the other members of the staff, along 
with the numerous visitors who were enrolled as judges and obser¬ 
vers, had a very arduous week. 

It is obvious, however, that with some 60-60 makes of tractors 
presently on the market, trials of a more extensive nature are 
required. Trials for all India are needed, and from the data pro¬ 
vided by them, the various provinces will be able to select according 
to their special requirements. [G. S. Hendebson.] 

* 

* * 

CATTLE SALE AND DEMONSTRATION AT PUSA. 

A PuBuc Auction of surplus cattle from the pedigree dairy 
herd was held at Pusa on the 17th March, 1920. These sales, 
first started in 1917, have created a considerable amount of interest 
and have undoubtedly focussed public attention on the possibilities 
of dairy cattle breeding in India. The cattle were brought forward 
in excellent bloom considering the character of the season, and 
the following prices were obtained. 

Bs. A. I. 

Montgomery buU-calveK .. .. .. 14 1,626 0 0 

OroBs bred bull-calves, Montgomery cow X Ayrshire 

bull 15 706 0 0 

Montgomery cows .. . • .. 6 1,260 0 0 

Totai- .. 36 3,490 0 0 

The next sale will be held in November and, among other 
stock, over 20 cows are expected to be exposed. 

On the morning preceding the sale a demonstration on tractor 
implements was held. Both sale and demoi^tration were well 
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attended. A representative gathermg of planters was present 
and general opinion testified to the enormous importance that the 
tractor movement foreshadows- to India. [G. S. Henderson.] 

♦ 

♦ ♦ 

THE USE OF SOME SALT WATER PLANTS AS FODDER. 

There are a number of plants the use of which as fodder is 
well known to the cultivators in one tract, but is altogether unknown 
in another. This may be due to the fact that good nutritious fodder 
may be scarce in the first and ample in the other. The poverty of 
the agricultural areas in the Eatnagiri district has taught its people 
to put to use every bit of available land for agricultural purposes, 
and when it is not possible to make such use of it, an attempt is 
made to employ such plants as may be naturally growmg on poor 
land for some economic purpose. In that district fodder-growing 
areas are poor and limited. The cultivators therefore have to fall 
back upon such plants as can naturally grow on the poorest of soil 
and can take care of themselves. In the tidal rivers and creeks 
along the west coast also, there , are immense areas which are natu¬ 
rally covered with several kinds of mangroves, and with grasses 
and hoUy-like shrubs. The people of the Eatnagiri district have 
learnt long ago the use of these plants as fodder. These plants 
grow in salt water and naturally contain a considerable quantity of 
salt. They are, nevertheless, fed, even in normal years, as green 
fodder to milch cattle and if possible to work animals also. 

The holly-like Marandi {Acanthus iliciJoUus) is a spiny plant 
about three to four feet in height. It is erect and unbranohed. Its 
leaves resemble those of holly (Ilex) from which it derives its specific 
name. The plant is generally out before it flowers and chopped 
up into small bits of three inches long. They are then beaten 
with a strong rod so that all the spines are completely broken down. 
This is the only precaution that is to be taken in preparing the 
stuff for feeding. For one animal a man can prepare the stuff, 
ready for feeding, in half an hour. In the begitming a small quantity 
of bhusa oi cotton sCed or any other similar food may be added 
to'the feed before giving it to cattle. About twelve to fifteen 
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pounds per day can be given to an animal which begins to like it in 
about a couple of days. When the animal is accustomed to it, 
the lihusa and cotton seed may be dispensed with. The spiny 
nature of the plant need not deter one from using it; the spines are 
not at all dangerous as in the case of the pricldy pear ; even young 
boys can be readily trained to prepare fodder from it. 

The tivir {Avicennia officinalis) is a large spineless shrub and 
covers large areas in the creeks. This plant can be readily dis¬ 
tinguished from other mangroves by its peculiar roots which project 
in large numbers above the surface of the mud. Branches of this 
plant may be cut and fed to cattle. 

The lavi {.■Elwopus villosvs) is a small grass about twelve 
to fifteen inches long and grows in salt water mud. This is simply 
pulled out of the mud with its roots. It is first washed in salt 
water so as to remove the greater part of its mud and again in fresh 
water to remove every trace of mud. It is immediately fed to 
cattle—preferably to milch cattle. About ten to fifteen pounds is 
given to every animal. There is however a limited quantity of 
this grass available in the tidal creeks. 

The first two plants are very common in all the creeks and rivers 
of the west coast of India. They are apparently never utilized by 
cattle ovuiers of the Kolaba, Thana and Surat districts. They are 
strongly lecommendcd to use these plants as long as they are avail¬ 
able and thus increase the supply of fodder. [H. P. Paranjpye.] 

* 

* * 

EXPERIMENTS WITH PEANUTS IN MESOPOTAMIA. 

An interesting account of a successful experiment which has been 
carried out at Fellujah, on the river Euphrates, about thirty-eight 
miles west of Baghdad, with j>eanuts (or groundnuts) has been 
furnished by the United States Consul at Baghdad. One of the most 
remarkable facts about Mesopotamian agriculture is the scarcity 
of oil-seeds among the crops grown in the country. Practically no 
oil-seeds are grown, with the exception of a little sesamum and linseed. 
In other oriental comitries oil-seeds are quite commercial crops. 
India, for instance, has its linseed, cotton-seed, coconut, gingelly, 
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rape-seed, sesamum aud peanuts, wliile Egypt has its cotton and sesa- 
mum and China its soy-beans. Considerable interest, therefore, is 
attached to an experiment with peanuts carried out at the Fellujah 
gardens. The plot was only a small one, about one-tenth of an 
acre being sown. The crop was sown in June and lifted in Nov¬ 
ember. The person iix charge of the garden had no experience of 
this crop, and sowed somewhat too thickly and overwatered, yet 
the crop, when first lifted, gave‘2,560 lb. of nuts, wliich, when dried, 
gave 1,800 lb, per acre. Peanuts are already in considerable 
demand in the country, large quantities being imported from India. 
At present the nut is consumed in a parched state or is used for 
making sweetmeats. Later on, when the production exceeds this 
local demand, the surplus will find a ready exj)ort as an oil¬ 
seed. The variety grown at Fellujah is a tight-husked variety, 
with a very attractive bright-red skin, knowji as the small Japanese. 
It was not Icnown in Mesopotamia before, and local merchants 
who have seen samples have been much interested. It has the 
advantage of being quick growing, requuing comi)aratively little 
water, and being easy to dig. Demonstration plots at various centres 
were to be arranged for this year by the Agricultural Department, 
and it should be possible to establish this crop on a commercial scale 
in a short time. [Journal oj the Royal Society of Arts, dated Feb. b, 
1920.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSEERS, 
MEETINGS AND CONFERENCES, ETC. 

wooDHOUSE SOUTHERN MEMORIAL FUND. 

This fund is now closed. The total amount of the fund is 
Rs. 2,578-4-0 (including Rs. 24-2-0 interest allowed by the Bank 
and deducting Rs. 7-14 discount on cheques). Rs. 317 was 
specially contributed by subscribers for the memorial to 
Mr. Southern and Rs. 180 for that to Mr. Woodhouse. The final 
allotment, therefore, is :— 

Rs. .4s. P. 

Woodhouse Memorial .. .. 1.'220 10 0 

Southern Mciiioriiil .. .. 1,367 10 0 

It is proposed to send Rs. 1,200 to the Government of Bihar 
and Orissa and Rs. 1,300 to the Government of the Punjab for the 
purpose of endowing a Memorial Prize in the Provincial Agricultural 
College. The balance of Rs. 78-4 will be expended on enlarged 
photographs of the deceased officers to be hung in the Council Room 
of the Agricultural Research Institute at Pusa. 


J. Macxenna, 

’2,'ird March, 1920. Agricultural Adviser to the 

Government of India. 


( 3.W ) 
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The Hon’blb Sir Claude Hamilton Archer Hill, K.C.S.I., 
C.I.E., has resigned his ofl&ce as an Ordinary Member of the Council 
of the Governor General of India, in charge of the Department of 

Eevenue and Agriculture, with effect from the 11th April, 1920. 

* 

The Hon’ble Sir Thomas Henry Holland, K.C.S.I., K.C.I.E., 
has been appointed to be a Temporary Member of the Council of 
the Governor General of India in the vacancy caused by the resig¬ 
nation of the Hon’ble Sir CTaude Hamilton Archer Hill, K.C.S.I., 
C.I.E. 

* 

* * 

The Hon’ble Mr, R. A. Mant, C.S.I., I.C.S., Secretary to the 
Government of India in the Department of Revenue and Agriculture, 
has been granted privilege leave for three moiiths with effect from 
the 27th March, 1920. He reverts to the Punjab on the expiiy of 
the leave. 

♦ 

« * 

Mr. J. Hullah, I.C.S., has been appointed to officiate as 
Secretary to the Government of India in the Department of Revenue 

and Agriculture, with effect from the 27th March, 1920. 

* 

* * 

The services of Mr, J. Mackenna, M.A., C.I.E., l.C.S., 
Agricultural Adviser to the Govenunent of India and Director of 
the Agricultural Research Institute, Pusa, are replaced at the 
disposal of the Government of Burma, wdth effect from the 
afternoon of the 30th April, 1920. 

>i< 

* * 

Mr. F. M. Howlett, B.A., F.E.S,, Imperial Pathological 
Entomologist, is appointed to the charge of the office of the Forest 
Zoologist at the Forest Research Institute and College, Dehra Dun, 
in addition to his own duties, with effect from the 7th February, 
1920. 

Ha m 

Mr. C. M. Hutchinson, B.A., M.A.E.B., Imperial,Agricultural 
Bacteriologist, has been granted combined leave for eighteen months, 
\nth effect from the 10th April, 1920. 
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Mr. J. H. Walton, B.A., B.Sc., Assistant Agricultural 
Bacteriologist, has been appointed to officiate as Imperial 
Agricultural Bacteriologist during the absence of Mr. Hutchinson on 
leave. 

* 

♦ ♦ 

Dr. W. H. Harrison, D.Sc., Imperial Agricultural Chemist, 
has been granted combined leave for eighteen months witb effect 
from the 15th April, 1920, or any subsequent date from which he 
may avail himself of it. 

* 

We offer our hearty congratulations to Mr. H. E. Annett, 
Agricultural Oiemist, Bengal, 'wffio has been awarded the degree of 
D.Sc. by London Ihiiversity in recognition of his work of alkfiloids. 

* 

* * 

Colonel A. .Smith, F.R.C.A^S., Princip.1, Bengal Veterinary 
College, has l)eon granted combined leave for six months from 
the 25th March, 1920. 

♦ 

♦ * 

Mr. P. J. Kerr, M.R.C.V.S., I.C.V.D., Superintendent, Civil 
Veterinary Department, Ben.gal, on return from leave, is appointed 
temporarily, with effect from the 26th March, 1920, to the post of 
Second Imperial Officer, Bengal Veterinary College, and to act as 
Principal of that College during the absence, on leave, of Colonel 
A. Smith. 

* 

* 

Mr. D. Quinlan, Superintendent, Civil Veterinary Department, 
Bihar and Orissa, was on privilege leave for a fortnight with effect 
from the 25th February, 1920. 

* 

* * 

Mr. P. B. Riley, M.R.C.A^.S., has been appointed to the Indian 
Civil Veterinary Department, with effect from the 21st March, 
1920, and has been posted to Bihar and Orissa as Second 
Superintendent, Gvil Veterinary Department. 

* Ht 

Colonel J. Farmer, C.I.E., F.R.C.V.S., Chief Superinten¬ 
dent! Civil Veterinary Department, Funjab, has been ^nted 
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combiued leave for eight months with effect from the 20th February, 
1920. 

* 

4c 4t 

Mr. T. F. Quirke, M.li.C.V.B., has been confirmed in the 
Indian Civil Veterinary Department, with effect from the 8th 
February, 1920, and has been placed on special duty in the office 
of the Chief Superintendent, Civil Veterinary Department, Punjab. 

* 

♦ ♦ 

The University of Bombay has conferred the degree of M.Ao. 
on Mr. G. S. Kiilkarni, Acting Assistant Professor of JMycology, 
Agricultural College, Pooiw. 

♦ « 

The Hon’blb Diwan Bahadur L. D. Svva.mikannu Pillai, 
Avargal, I.S.O., is appointed to act as Director of Agriculture, 
Madras. 

4 

s*s 

Mr. R. Cecil Wood, M.A., from date of relief (jf his ai)poiut- 
mentas acting Director oi Agriculture, is appointed to act as 
Deputy Director of Agrioiiltii'c, Livestock, Madras. 

* 

* * 

Rai Bahadur K. Ranca Auiiaryak. Avargal, Government 
liccturing an<l Systeiuiitic Botanist, Coiiubatort', has been on 
privilege leave for two mouths from tlie 22nd March, 1920. 

* 

* * 

Mr. G. Evans, C.I.E., M.A., Deputy Director of Agriculture, 
Central Provinces, has been granted an extension of leave for two 
months. 

* 

4c 4< 

Mr. W. Wilson, M.R.C.V.S., Superintendent, Civil Veteri¬ 
nary Department, Central Provinces, has been granted combined 
leave for eight mouths from the 19th March, 1920. 

4c 

* ♦ 

Mr. W. N. Harvey, Deputy Director of Agriculture, Northern- 
Eastern Circle, Gorakhpur, has been granted combined leave for 
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eight mouths aud eight days Avith effect from the 15th March, 
1920. 

* 

♦ ♦ 

Mr. a. McCracken, I.C.S., Burimi., has been appointed Assis¬ 
tant Eice Commissioner, Eangoon, from the 12th February, 1920. 

♦ 

♦ ♦ 

Captain T. D. Stock, who has been appointed by His Majesty’s 
Secretary of State for India to the Indian Agricultural Service and 
who has been posted to Burma to fill the post of Economic Botanist 
in the local Department of Agriculture, reported his arrival at 
Rangoon on the forenoon of the 24th December, 1919. 

* 

* * 

Mr. D. F. Chalmers, I.C.S., Director of Agriculture, Burnw, 
has been granted privilege leave for six mouths with effect from 
the date on which he may avail himself of it. 

* 

♦ ♦ 

Mr. C. H. P. Cooi’ER, I.C.S., Officiating Registrar, Co-operative 
Societies Department, Burma, is placed in charge of the Office of 
Director of Agriculture, Burma, in addition to his ovm duties, 
in place of Mr. D. F. Chalmers proceeduig on leave. 



limeirs 


Les Amendas et 1 ’ Huile de Palme (Palm Kernels and Palm Oil.—By 

E. Baillaud and A. Stieltjes. Institut Colonial de Marseille ; 

1920. 

This volume is chiefly an analysis of the e\'idence given before 
the British Committee on Edible and Oil-producing Nuts and 
Seeds, which reported to Parliament in June 1916. It contains 
much that is of interest to India, especially in view of the discussion 
on the conservation of oil-cakes in the country which took place at 
the recent meeting of the Board of Agriculture at Pusa. 

The oil-producing nut and seed industry is one which was 
greatly influenced by the war, and the authors consider that England 
alone of the countries engaged has been able to profit by developing 
its market for edible oils. The major part of this development 
has been concerned with the African oil palm, FAaeis, but coconut 
and other oil-producers, such as groundnut,' sesamum, etc., have 
also shared. Great Britain has, in fact, not only captured a great 
part of the trade in oil palm products formerly centered in Hamburg, 
but has also encroached extensively on the hitherto undisputed 
supremacy of Slarseilles in the other edible oils. 

It is pointed out that, before the war, Germany, having a 
people who consume edible oils largely under normal (pre-war) 
conditions, concentrated on the crushing of products such as FAaeis 
kernels and copra which give a high yield of oil, while in England, 
edible oils being in relatively small demand, the seeds such as Imseed 
giving the best cakes and industrial oils were most dealt in. This 
initial advantage in the edible oil industry was developed by the 
Germans by means of protective duties which enabled the German 
manufacturer to obtain a higher price for his oil in Germany than 

( 368 ) 
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that at which he could export it, by subsidies to shipping companies 
and probably (though absolute proof of this is not advanced) to 
the manufactim rs, and by low rates of transport to factories in the 
interior of the country. It is believed that the Germans could sell 
their oils in Germany at £ 2 a ton more than English manufacturers 
could get in England. The German machinery was also more 
efficient than that used in England which left considerably more 
oil in the cake. The net result was that Germany sent annually 
about 60,000 tons of palm kernel oil to England in the years just 
preceding the w<ar and a further considerable quantity reached 
England in the form of margarine through the intermediary of 
Dutch houses. On the other hand it was impossible for other 
countries to sell oil or margarine in Germany at a profit on account 
of the heavy duties on these products, wliile the raw material was 
allowed to enter free. 

The war put an end to this. The result was an enormous de¬ 
velopment of the edible oil industry in Great Britain. In Febru¬ 
ary 1919, the production of margarine in England was 8,000 tons 
a week as against 1,500 tons in 1913, and was approximately suffi¬ 
cient to meet the British demand. The total production of vege¬ 
table oils reached 331,808 tons in 1917 and 380,270 tons in 1918. 
Almost all classes of oil-producing nuts and seeds shared in this 
increase: the importation of groundnuts rose from 15,000 tons in 
1913 to 137,750 tons in 1917 ; of copra from 14,000 to 50,400 tons, 
and of palm kernels from 36,000 to 249,000 tons (equalling the pre¬ 
war German figure) in the same period. This occurred without any 
special Government action other than the encouragement by the 
Food Controller of importation by private agency, and the control 
of the margarine factories so as to secure the application of uniform 
formulae. Maximum prices were fixed for the latter. Arrange¬ 
ments were made for the imposition of an export tax of £ 2 per ton 
in British colonies on oil palm products to foreign coimtries but 
no action on this was taken during the war (though steps have 
recently been taken to enforce it). 

In France, Government acquired the whole output of its 
colonies and prohibited importation from other sources. The 
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result was disastrous. When groundnuts were selling in England 
at 74 francs per 100 kilos, palm kernels at 6S francs and copra at 
87 francs, French manufacturers had to pay 126,142 and 215 francs 
respectively. Against a normal importation of 256,000 tons of 
undecorticated groimdnuts, 237,000 tons of decorticated groundnuts 
and 112,000 tons of copra, France could only get in 1918, 73,000, 
9,000 and 21,000 tons respectively, plus 40,000 tons of palm kernels 
and 14,000 tons of palm oil. Even by paying twice the price 
prevailing in England, factories could not obtain anything like 
their requirements : many had to close, while England was building 
up a new industry. 

Furthermore, beyond a first effort in 1916, nothing was done 
in France to popularize the u.se of oil palm cake, which was .scarcely 
known previously. The result is that at present it fetches less than 
half the price of coconut cake. Yet intrinsically it is scarcely 
inferior to the latter and in Germany was actually preferred before 
the war for feeding milch cattle, giving, it was claimed, a slight 
increase in fats in the milk. In England efforts were made by the 
Board of Agriculttire, Experiment Stations and Agricultural Colleges 
to advocate its use, and there was an ample supply available at 
relatively low prices when other feeding stuffs were scarce. It is 
now getting a price which is in relation with its intrinsic value 
and is in the neighbourhood of coconut Uake though of course 
inferior to that of linseed. 

It is not to be wondered at, therefore, that as soon as the 
importation of copra again became feasible, the French industry 
abandoned the use of oil palm kernels, and in the spring of 1919 
sent about 80,000 tons of the latter to Germany out of their stocks 
of about 100,000 tons. 

Another circumstance tending to aggravate the situation in 
France, in view of the fact that the French colonies cannot at 
present supply more than one-fifth of the French demand, is the 
growth of the oil crushing industry in the eastern tropics during 
the later stages of the war. This growth is especially noticeable 
in India, the Dutch Indies and the Philippines. No less than 53 oil 
crushing factories have been recently started in the Dutch colonies, 
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42 of which are in Java. These have a capacity of some 260,000 tons 
of copra annually. In the Philippines also the export of coconut 
oil has grown from 13,600 tons in 1916 to 115,280 tons in 1918 while 
copra has fallen in the same time from 82,000 to 55,000 tons. 

All this, the authors think, will make it most diflicult to revive 
the French industry behind tariff walls. They consider that the 
proper course to take is to stimulate production in such commo¬ 
dities as grouiidnuts, copra and palm kernels in the French colonies 
while entering into open competition with rival countries in the 
purchase and sale of oil init and seed products. [E. J. B.] 

* 

* * 

Blood-sucking Insects of Formosa. Part I. Tabanidae (with Japanese 
species). By Dr. T. Shiraki, Government Entomologist, Taihoku 
Agricultural Experiment Station, Formosa ; 1918. 445 pages 

and 11 plates. (No price stated.) 

This monograph of the Japanese sixicies of Tabanidae includes 
several that are recorded as fouixd in India and Burma also, the 
following species being listed as occurring within Indian limits, 
viz., Chrysops dispar, C. mhkosieunezi, Tabanm searcinctm, T. 
hicinctus, T. ahhreviatus, T. indianus, T. crassus, T. sanguineus, T. 
Julviniedius, and T. hirmanicus, all of which are fully described 
and illustrated hr the coloured and line plates. The descriptions 
are unusually' full, covering sometimes eight pages of print, so 
that this book should be of considerable assistance to all engaged 
in work in Indian Tabanidae. [T. B. F.] 


♦ 

* * 

annual report of the district agricultural 

ASSOCIATION OF BIRBHUM AND ITS BRANCH 
ASSOCIATIONS FOR 1919-20. 

The report begins with a general survey of the progress made 
since the main Association was constituted fifteen y'ears ago. A 
new epoch in its short history began in the year 1918-19 when a 
realization of the difficulties of satisfactorily meeting the needs 
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of agriculturists scattered throughout the district set decentrali¬ 
zation afoot. Rapid strides were made in the organization of Branch 
Associations to deal with smaller territorial units each comprising 
a (ham, and, by the end of the year, 30 such associations were 
established. A steady growth in their development has continued, 
and their number has now reached 87. Each Association has 20 to 
50 members, but some have as many as 150. Their work has spread 
into many channels bringing practical and visible benefits not only 
to their members but also to local cultivators in general. Some 
of their most noteworthy activities, worthy of emulation by similar 
associations in other districts, were the successful inauguration 
of useful schemes of re-excavation of irrigation tanks, construction 
of hunds, embankments and canals, consolidation of agricultural 
holdings, opening of agricultural night classes in Middle English 
Schools in different parts of the district and conservation of manures. 
We congratulate Mr. G. S. Dutt, I.C.S., under whose able guidance^ 
as President, the Associations have made such healthy and com¬ 
mendable progress. [Editor.] 



NEW BOOKS 


ON AGRICULTURE AND ALLIED SUBJECTS 


1. Essay’s on Wheat, by Prof. A. H. R. Buller. Pp. xv4-339. 

(Lontlo!) : Macmillan and Co., Ltd.) Price, 2'50 dollars. 

2. I’hysiology of Farm Animals, by T. B. Wood and Dr. F. H. A. 

Marshall. Part I: General, by Dr. F. H. A. Marshall. 
Pp. xii-1-204. (Cambridge: At the University Press.) 
Price, 16^. net. 

3. A Biochemio Basis for the Study of Problems of Taxonomy, 

Heredity, Evolution, etc., by Prof. E. T. Reichert. Part I. 
Pp. xi r370 I 34 plates. Part II. Pp. vii | 377-834. 
(Washington : Clarnegie Institution.) 

4. A Text-book of Quantitative (Jiemical Analysis, by Dr. A. C. 

(dimming and Dr. B. A. Kjiy. Third Edition. Pp. xv-j-416. 
(London : Gurney and Jackson; Edinburgh : Oliver and 
Boyd, 1919.) Price, 12s. 6d. net. 

5. Chemical ('alculation Tables : For Ijaboratory Use, by P^^f. 

H. L. Wells. Second Edition, revised. Pp. v+43. (New 
York : John Wiley and Sons, Inc. ; London : Chapman and 
Hall, Ltd., 1919.) Price, Gs. 6d. net. 

6. Applied Economic Botany : Bsised upon Actual Agricultuial 

and Gardeniiig Projects, by Dr. M. T. tVwk. (Farm Life 
Text Series.) Pp. xviii+261. (PhiLdelphia and London : 
J. B. Lii)pincott Co., 1919.) Price, 7s. 6d. net. 

7. Agriculture and the Farming Business, by 0. H. Benson and 

G. H. Betts. Pp. xvi+778. (London : Kegan Paul and 
Company, Limited, n.d.) Price, 10s. 6d. net. 

,r o,ifS9 I 
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The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue ;— 

BuHelins. 

1. Notes on Practical Salt Land Eeclamation, by G. S. Henderson, 

N.D.A., N.D.D. (Bulletin No. 91.) Price, As. 6. 

2. SyImamus Laryngeus in Cattle and Bulfaloes in India, by 

A. Leslie Sheather, B.Sc., M.R.O.V.S., and A. W. Sliilstou, 
M.R.C.V.S. (Bulletin No. 92.) Price, As. 6. 

3. A Preliminary Note on the Behaviour in North India of 

the first batch of Sugarcane Seedlings distributed from 
the Sugarcane-breedirg Station, Coimbatoie, by T. S. 
Venkatraman, B.A. (Bulletin No. 94.) Price, As. S. 



LIST OP AGRICULTURAL PUBLICATIONS IN 
INDIA FROM 1st AUGUST, 19H), 

TO 31st JANUARY, 1920. 


'fillc 


Author 


Where publuhcd 


GENERAL AGRICULTURE. 


Th'- .tfinnilluriil Juiinml oj 
hillill, V’lil. XI\', I’art V, and 
XV, I’art I. I'riee 
He. 1 -S or 2<. per part: annual 
suhseription lt«. 0 or Hi’, (id. 

Si ientilie Report'; of the Afiri- j 
eiilliiral Ri'seareli Institute, ' 
I’usa (ineludini; 1 he Heirort of i 
the li\iperial (lotion Specialist) j 
for l!IIS-l!t. I’riee Re. l-4or ; 


Edited by the Af^rieul- 
tiiral Adviser to the 
Ooverninent of Indm. 


IsauiMl from the Agricul¬ 
tural Roseare.h fnsli- 
tutf', I’usa. 


•'1 Rr'|)ort on th(' I’mgress of Airri- 
eulture in India for 11I18-1!). 
> I’riee Re. l-t or 2''. 

I I’roeei'dings of the Board of 
Agrieiiltiire in Indii held at 
I’lisa on the 1st December, 
lillll, and following days (with 
.apiwiidieesl. I’riee As. 12 or 
Is. .‘W. 

f> j NoU'.s on I’raetieal Salt Ijind 
j Rerdaination, J’usa .4grieul- 

j tural Research Institute 

Bulletin Mo. 01. Price As. 0. 


A Preliminary Note on th(' 
Behaviour in North India of 
the first batch of Sugarcane 
>St«.»rllinga distributed from the 
Sugarcane Station, t'oimba- 
tore, I’usa .Agrictdtural 
Research Institute Bulletin 
No. 04. Price .As. S. 


Agricultural Adviser to 
the Ooverninent of 
India, Piisa. 

Ditto 


0. S, Henderson, N.D.a., 
N.D.D., Imperial Agri¬ 


culturist, Ptisa. 


T, S. Venkatmman, B.A., 
Ag. Government Sugar¬ 
cane Exiie.rli, Madras. 


The Effect of Manuring wit!) 
Su|)orphosnhat<‘ and Sannai 
on the Yield of Crops on 
Indigo Planters’ Estate* in 
Bihar—espi'cially of Rabi 
Crops in the sea.sou 1018-19. 
Pu.sa Research Institute 
Indigo Publiontion No. 6. 
Price As. (1. 


\ 

W. A. Davis, a sc., 

.t.o.n.l.. Indigo Re¬ 
search Ghemist, Piiaa. 


Messrs. I’hacker, Spink & 
Co., Calcutta. ^ 


Government Printing, 
India, Calcutta. 


Ditto. 


Ditto. 


Ditto. 


Ditto. 


Ditto. 
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LIST OP AGRICULTURAL PUBLIOATIOKS-cowW. 


No. ! 

Title 

.Author 

Where published 


Otnernl Agriculture —pontd. 



Guide to Agrienitiiral Seetion, 

1 ’uso. (Xiit for .v,7 /<■.) 

Compiled hy Agricultural 
.Section, Pusa. 

Government Printing, 

India, Calcutta. 

9 

.Animal RejH>rt of the Hoard of 
.Scientitie Advice for India for 
the year 1918-19. 

Issued hy the Board of 
Scientilie Advice for 
India. 

Ditto. 

10 

()uini|uenniid Report, on (he 
Averai'e Yield ]H‘r Aeri* of 
Principal Oro|)s in India for 
the i>eriod endin); 19l(i-17. 
Price As. 12 or l.s. 2fl. 

Issued hy the l)c|iarl- 
ment of Statistics, 

India. 

Ditto. 

11 

Report, on the PriKliietion of Tea 
in India in the Cali'iidur Year 
1918. Price As. 8. 

Ditto 

Ditto. 

12 

Estimates of Area and Yield of 
Principal (!ro|is in Imlia. 
1918-19. Price .As. S. 

Issued hy the De|iarl 
nienl of Statistic^, 
India. 

Ditto. 

13 

Report on the Ojierations of the 
Departtncnt of A"rieiiltiire. 
Reni'al, for the year 1918-19 
fincludini' E\'i)crt Ollieers 
Reports). Price Rs. 2 or .‘H. 

Issiiufl l»y flu* iKjmrt- 
nu*n( At/i'icnlliirr, 

liuniral. 

fiuriiral Sccrctanat IVush. 
\\ BuiUlinjTH 

(’jilunttn. 

14 

Annual Reports of R\|)erf 
OfTiccr-s of the r)e|Mirtn\cn( of 
Ajrrieultnri-. Renjial, for the 
year 1917-18. Price. Re. 1-12 
or 2<i. Orf. • 

Airvicullural Iniont 
<»f Bunyal. 

Ditto. 


Innertof fJanja, Bonsai Duparf- 
mont of AKriuiiKuro Hiilh'tin 

No. 1 of 1910. IVioi* A. 1. 

Ditto 


1(1 

Annual Rejiort of the I)c|mri- 
mcnt of Ajirienlltire. Bihar 
and Ori.ssa. for 1918-19. 
Price As. (1 or (id. 

Issued hy the Depart¬ 
ment of Agriiultnre. 
Bihar and tlrissa. 

(iovrniin<*!il Prus.s, Uilia 
and < hissa, IVtiia. 

17 

Report on the Administration 
of the ncparlmcMit of Aitrieul- 
ture of the Cnifisl Provinees 
for the year endini; the 3()t}i 
.Tune, 1919. }*rice As. 8 
or 1*. 

Issued hy the Depart¬ 
ment of Agrienlliire. 
United Provinees. 

(loverntnent Press 

United Provinces 

.Allahabad. 

18 

R<‘port on the Agricultural E.x- 
perimenta in the Central 
Circle, United Provinces, for 
the year endinp 39tli .Tune, 
1919. 

Ditto 

Ditto. 

19 

Refiort on the Aj;ricultural 
.Stations of the Western (Circle, 
United Provinces, for the year 
ending 30th June, 1919. 

Ditto 

Ditto. 
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20 

21 

22 

2:t 

21 

2 .> 

2t> 

27 

2S 

20 ' 

20 


LIST OF AGRICULTURAL PUBLICATIONS-conW, 


Title 

Author 

Where published 

(IctH't 

1 CotnliiniMl l!c|i<irt of IlicVflrtah- 
1 (rarli and Benares Ajlriciiltoral 
i Stations of tlie United I’ro- 
1 vinees for the year endinj: 

:t0lli June, 1010.' 

al Ayrirulturc —contd. 

Is-sued by the Dejairt- 
inent of Agriculture, 
United Provinces. 

Government Press, 

Unitcii Province..^, 

Allahabad. 

Annual Kejiort of tin- Di'part.- 
nient of Ajitieulture, 1‘nnjal), 
for till’ year endiiii' Jtttli 
.lone, JOlO, Part 1. JViee 
As. 7. 

Annual Kejiort of the Dejiart- 
inent of AKticnlture, Piinjah. 
for the. year ending .‘ttlth 
.June, Ittlih Parti tl. Priie 
Us. 212 or 7-1. Id. 

IhMied by the Depart.* 
inent of Agriculture, 
Bunjah. 

Ditt<» 

Government Printing, 

j Punjab, Lahore. 

Ditto. 

Season and Croii I’ejKirt of the 
I’linjah for IOlH-10. Priee 
He. 1 or li. (id. 

Ditto 

Ditto. 

Annual Hr|H>rt «>( tlu* l^iwruiicu 
(Jardons, l^ahon*. I’ricu As. 2. 

Ditto 

Ditto. 

ITos|H'etns of the Punjah Agri- 
eiiltiiral College, Lvalljiiir. 
(.\'tjl for sn/i;.) 

Ditto 

Ditto. 

Tallies of t he .’tgrieultural .Slat is- 
lies of the Piinjal) for the year 
1018-10. 

Ditto 

Ditto. 

Annual Heporl of the Depart 
nient of ,\grienllure, Honihav 
Presideney, for 1018-10. I’riee 
A.S. M orV-. Oif. 

IsMied hy the Depart¬ 
ment of Agriculture, I 
Bomb.iy. | 

1 

Goyemment Central 

Pn's-s, Bombay. 

Soason an<l (Vo]) Report of the 
Boinhay J’resulenoy. ; 

As. 8 or 1 •«. 1 

J)itio j 

Ditto. 

Work on the .Manjri pann for 2 
years 1015-18, Bombay |)e 
partment of Agriculture 1 

Bulletin No. '.HI of 1018. ! 
Price .A.S. 7-2 p. or ttrf. 

.1. B. Knight, Profc.'.sor i 
of Agrienltiire. 

1 

Ditto. 

The Cultiyation of Berseem in . 
Sind Kxperiiiients at .Sukkar, ; 
Bombay l)e]iarl ment of Agri- ; 
culture Bulletin No. 01. : 
Price A. 1 or Id. 

laikeram L. ReUvani. 

L. Ag. 

1 

Ditto. 

• 

('lu.ssilieiition and Description of 
the Jouars of the Bombay 
Karnatak. Hombay Deparl- 
inont of Agriculture Bulletin 
No. 92 of 1010. Price A.s. 10 
or 1 Id. 

U. K. Kotlnr. B. Ag., 
Colton Snia-ryisor, 

Soul hem Diyision, j 

Bombay Presidency. 

Yeravda Prison Press, 
Poona. 
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LIST OF AGRICULTURAL PUBLIOATION8-«o«<d. 



Title 


Author Where imblishetl 


Oeneral AgrievUure —contd. 


32 

Report on the Oix-ratiuns o£ the 
Dejmrtmcnt of Agriculture, 
Madras Presidency, for 1918- 
19. I‘rioe As. 3 or 3d. 

Issued by the Depart¬ 
ment of Agriculture, 
iladras. 

Government I’re.ss, 

Madras. 

33 

A Soil Survey of the Kistua 
Delta. Madras Dejmrtuient 
of Agriculture Bulletui No. 75. 

W. H. Harrison, ii.se.. 
M. R. Ramasumi Sivnn, | 
B.A.. nip., Agri., and l 
B. Visvanath. | 

Ditto. 

W 

Note on Tobacco Cultivation in 
Godavari l.atnkns. 

Compiled from the e-\pci i- 
enees of T. H. Barry, 
Ksep, of Cocaiiada. 

Ditto 

35 

Contivil of Iini)ortant Paddy 
Pests. 

M. R. Ry. D. Baia- 
kriahna Moorthy. 

Ditto. 

3G 

Ile|>ort on the Working of the 
Department of Agrieultun*, 
(’entral Provinces, for 1918-19. 
Price Re. 1 or I v. (id. 

l.s,sued by Hn- Deiiart- 
ment of Agriculture. 
Central Provinee.s and 
Berar. 

Government I’lcss, 

Nagpur. 

37 

Report on the (1) Agricultural 
College, Nagpur, (2) Botanical 
and Chemical Research, and 
(3) Maharajbagh Menagerie. 
Price As. 8. 

Ditto 

]>ltto. 

38 

Report on the K.vjjcrimcutal 
Karin attached to the. Agricul¬ 
tural College, Nagpur, for 
1918-19. J'riceAs. 8. 

Ditto 

Ditto. 

39 

Re|8)rt. on the Demonstration 
Work in Northern Circle for 
1918-19. Price As. 8. 

Ditto 

Dill.. 

40 

Farm Yard Manure,. Central 
Province.s Iteiiartmont of 

Agrioulturri Bulletin No. 111. 
Farm. Price As. 2. 

R. G. .Allan, m.a.. Prim i- 
pal. Agricultural Col¬ 
lege, Nagpur. 

Ditto. 

41 

Some Observations on the 
Cotton Cultivation. C!entral 
Proi’incrs Department of 
Agriculture Bulletin No. IV. 
Price As. 2. 

Ditto 

Ditto. 

42 

ImiKirtcd Plouglifi and their 
Satisfactory Working. Central) 
Provinces Depariiment of Agri¬ 
culture Bulletin No. V. 
Price As. 2. 

Ditto 

Ditto. 

43 

Oilcakes: Their Uses as Cattle 
FockI and Manure. Central 
Provinces Department of 
Agriculture Bulletin No. VI 
Price As. 2. 

P. J. Plymon, Deputy 
Direetorof Agriculture. 
Western Circle. 

Ditto. 



tlST OP AORICULTURAL PUBLICATIONS 


369 


LIST OF AORICULTURAL PUBLICATIONS-cobW. 


No. 

Title 1 

1 

Author 

Where published 


(Jeneral 

AgrienUnre- - conoid. 


44 1 

1 

! 

Weeds. Central Provinces 

Department of Agriculture 
Bulletin No. \T1. Price As. 2. 

It. (i. Allan, .M.A., Piinoi- 
jial, Agiicultural Col¬ 
lege, .Nagpur. 

Government Press 

Nagpur. 

45 1 

i 

i 

Annual Ke|K)ii of tlic Depart¬ 
ment of Agriculture, Assam, 
for the U months ending 31st 
March, 1910. Price As. 8 or 
!W. 

Lssued by the Depart¬ 
ment of Agriculture, 
A.s.sam. 

'The Assam .Secretariat 
Printing Office, 

.Shillong. 

40; 

! 

lleport of the Agricultural 
Ex|K.rimouts and Demons¬ 
trations in Assam for 9 
months ending 31st March, 
1920. 

Ditto 

Ditto. 

47 

lleport on the 0|STations of the 
Department of Agri.ndture, 
Burma, for the year ending 
3l)th .lune, 1919. f’rice As. 8 
or l .v. 

Issued by the Dejiart- 
ment of Agriculture, 
Burma. 

Government Printing 

Office, Burma, llanguou. 

48 

ftuinea (trass. Burma Depart¬ 
ment. of Agriculture lyjatlet 
No. .72. 

A. .McKerrel, Deputy t 
Director of Agricul¬ 
ture, .Southern Circle, ' 
Burma. 

Ditto. 

4!) 

■Summary of Itemarks on the 
Kharif Croji of the North- 
West Front ier Provinc.! for 
1919. Price As. 7 or lOt/. 

Revenue Commissioner, 
North-West Frontier 
Province. 

N. W. F. P. Government 
Press, Peshawar. 

50 

Thr Joitninl oj thf Shuiras Agri- 
culhirul iSInilr.itli' Vvkm 

(monthly). Annual sub¬ 

scription Bs. 2. 

Madras .\grleultural j 

Students Union. i 

! 

Literary .8 mi Press, t,'oim- 
batore. 

r,i 

Qufirierly Journal of the Indian 
Tea Association. Prico As. 

}HT copy. 

Seientitic Depaitment of ; 
the Indian Tea .■V.s.so- ^ 
ciation. Calcutta. i 

Catholic Oriihan Press, 
Calcutta. 

.72 

i 

'/’Ac Journnl of lUiirifiiiij and 
i Lhiiry-FarmiiKj in India 

1 ((juarterly). .Subscription 

1 lls. 5 j>er annum (including 

membership). 

Published by the Indian 
Committee of the Dairy 
Kducatiou Association, 
Quetta. 

.\le.ssrs. Thacker. .Spink & 
Co., Calcutta. 

S3 

1 

Poona AijricuUnral (iolkge 
Magazine (cptarterly). Annual 
subscriidion lls. 2. 

1 College' Magazhie Com¬ 
mittee, I’oona. 

.4iya BJiusan Pre.ss, 

I’oona. 

1 

.74 

Journal of the Mynore Agricul¬ 
tural and Experimental 

Union (rpiartprlv). Annual 
sulmcription Bs. i 

! Mysore Agricultural E.v- 
1 iHjrimental I’nion. 

Bangalore Pre,ss, Banga- 
loiv. 

5.7 

_1 

Indian Scientific. AgricuUnrid. 
Annual sub.scriptiuu Us. 4. 

Alliauee A<lvertising 

Association Ltd., 

Calcutta. 

Bern & Co.. Printers, 
Calcutta. 
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U8T OF AGRICULTURAL PUBLIOATION8-co»W. 


Author 


Where j)ubli«lwKl 


AGRICULTURAL CHEMISTRY 


Tlir Phosphate Roquirc'inents of 
some lx>wer Burma Paddy 
Soils Memoirs of tlie Depart ¬ 
ment of Agriculture in Fiidia. 
Clwunical Series, Vol. V, No. 5. 
Price Re. 1 -12 or 3<. 3rf. 


Ahsoriitioii of fjme by SoiU. 
Memoirs of the Department of 
Agriculture ill India, (tliemi- 
cal iSeries, Vol. V, No. ti. 
Price Re. 1-2 or 2-i. 


Proceedings of the First .Meeting 
of Agricultural Chemists and 
Bacteriologists held at Pusa 
on the 24th February, l!ll!), 
and the following days. Price 
Re. 1 or l.s. (jrf. 


Messrs. Thacker, Spink & 
Co., Calcutta. 


F. .T. Warth, M.-sc., B.sc., 
Agricultural Chemist 
to the Government of 
Burma, and Maung Po 
Shin, Assistant to the 
Agricultural t3iemist 
to the Government of 
Burma. 

F. .f. Warth, Agricultural 
Chemist to the Govern¬ 
ment of Burma, ami i 
Maung Po Saw. Assist- | 
ant to the Agricultural | 
Chemist to the Govern- I 
ment of Burma. j 


Issued from the Agrieul- ■ Government Printing; 
tural Beseareh Insti- ! India, Calcutta, 
tute, Pusa. 1 


Studies in Indian Sugareanes 
No. . 0 . On testing the suit- | 
ability of sugarcane varieties i 
for different localities by a 
system of measurements. 
Periodieit.y in the growth of 
the sugarcane. Memoirs of , 
the De|>artment of .Agriculture j 
in India, Botanical Series, \'ol. 
X, No. 3. Price Re. 1-12 or . 
3s. i 


BOTANY 

C. A. Barlier, o.l.K., Se.ii., 
I I.I..S., tjovernment 
1 .Sugareane K.vjH-rt, 
.Madras. 


Messr-. Thacker, Sjiiiik ik 
Co., Calcutta. 


A Pythium Disease of Ginger, 
Tobacco and Papaya. 
.Memoirs of the Department of 
Agriculture in India, Botani¬ 
cal Series, Vol. X, No. 4. 
Price Rc. 1 -8 or 2-'. M ! 

I 

Proceedings of the Second Meet¬ 
ing of the .Myeologieal Workers j 
in India held at l’u.sa on the ! 
24th March, 19111, and follow- ' 
ing <lay.s. I’ricc As. 11 or I s. 


MYCOLOGY. 

I,. S. .Subramauiam, 
Assistant to the Im- 
[lerial .Mycologist, Pusa. 


Messes. Thacker, Spink & 
Co., Calcutta. 


Issued from the Agrieul- Government Printing, 
tural Research Insti- India, Calcutta, 
lute, Pusa. 


ENTOMOLOGY 


A Contribution to our Know¬ 
ledge of South Indian 
CoceidiE, Pusa Agricultural 
Research Institute Bulletin 
No. 87. Price As. 14 or 1«. 3d. 


T. V. Ramakrishna .Ayyar, Goyornment Printing ; 
j)..t., K.K.S., F.Z.8., Act- India, Calcutta, 
ing Government Ento- 
moIo.gist, Madras. 
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No. 


Titlo 


Aulliiir 


Wlicro |)ulilii>lied 




(il 


li.'l 


lii; 


r»7 


i;s 


(i<.) 


70 


71 


y —concld. 

Second Iluiirlrcd Nolfsiiii Iiidmii ('om|>ili.'d l»y Ktdoiiiolo- 
Insects; I’usa Agriciillurai gieal Seel ion, I’lisa. 

Heseineli Jnstilille ISulletin 
No. .SO. 


Hiee His|>a. Madras DepaiSinenl T. V. 
of Agrieulliire Leallel No. I. .Ayyar. 


Kaniakii'lina 


Hairy Caterpillar. .Madras J>e- ']'. \. Itaniukiislina 

partinenl of .Agrienlt lire Awar. 

Ja allet No. 


VETERINARY 


.Viinaai Iteporl id I lie Imperial | 
Ikielerioloeieal l.aliorator\, 
.Muktesar. lor I he vear endine 
Ills! .March, 1010.' I’riee As. 

•t or 

A Malarial I’aiasile in the lllooil 
of a liiilfalo. I’lisa Agrieul- 
tiiral lieseareh Instiliile 
Hiilletiii No. 00. I’riee j 
.\s. Il or ~(l. 


f’roeeedilie--of 1 lie I'llsl Meelln:.' i 
of \ eleriiiar\ nifjeors in India j 
hehl at Lalioie on the L’tih i 
.Mail'll. 1010, and folhmnie i 
days («itl. appendices 1. ; 
I’riee ,\s. S or Oi/. I 

Si/in/niitn-i k/iy/e/i »s in Callle and ; 
Ihdlaloes in India. I’nsa Ife- ] 
search Instiliite lliilletin ' 
No. tllf. I’riee .\s. 0. i 


.Vnniial Iteporl of the Civil \'ete- 
rinarv Deparlinent. I’ihar A 
Orissa, for 101S-10. 

I .'\iinnal Iteporl of the I’lmjah 
Veterinary Colleue, Civil ; 
j \'eteriiiary Deparlinent. I’lin- | 
jah, anil IheOovernmenl Cattle, 
j l•’llrIn, llis.sar, for the year i 
' IOlS-10. I’riee A.S. 10or'iOrf. 

. Rinderpest. Madras Ueparl- 
inent of .Agrieiiltiire Leaflet i 
No. 4. I 


Direelor anil I'lrsl 
liael erii iliigisl, I in |M'rial 
I’aeterii di igiea 1 l.atio 
lalorv, .Muktesar. 


A. L. Shea! tier, li..se., 
.M.it.e. V.S.. Director and 
First Itaeteriolosrist. 
lanperial H.ieterioloui- 
eal Lahoratory. Muk¬ 
tesar. 

Issued from llie .Vyrieiil. 
tiiral Iteseareh liisli- 
tlite, I’usa. 


.\. L. Sheathi'i'. Il.se.. 
M.u.i'.v.s,. Inreclor 
and Fil'sl Haelermlo 
gist, and.'V. \\ . Shilsion. 
M.ll.l'. V.S.. Seeolld 
Imperial llaeterioloeisi. 
Ini|)erial Haeleriologi. 
eal Laboratory. .Muk¬ 
tesar. 

Issued liy the Depart 
meni of .\irrieullure. 
Rihar 4: (h issa. 

Issued by the Depart- 
nieni of ,\erieull are, 
I’unjah. 


F. Ware, m.u.c. \ .s.. Super 
iulendenl. I‘ivil X'eleri- 
niiiy Dejiartmenf, 
Madras. 


I Ditto. 

! 

I 


(loverninent I’ress 

Madras. 

j 

I Ditto, 


I 


(nivernnieiit Fiiut.iii}>. 
India, Calcutta. 


Dull 


Ditto. 


Ditto. 


I 

I 

I (iovernnieiil Fre.ss. Oiil' 
/iirhauh, I’alna. 


. (ioiernmenl I’rinting, 
Lahore. 


(Jovernmenl I’re.ss, .Madras 
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No. I '.ritlc ! Author Whore pubUsbtHl 

i_ .1 _ 


1 ’tteri miry —cunuici. 

I'i I Aniimil l{e|i(irt (if Iho \ i't<‘riinirv Issiuif liy I he Civil Vc- A.-sKiiin Scorclariat 

I lio|iartiii(“nl, Assatii, (cir tlu- tcrinnry Department, J’l'intin}; ttfliee, Sliil- 

j yearemliiif; Hist .Mtirtli, Assam. lung. 

74 ' lieport (if the Civil \'eteriuary l-.siied liy tli('Civil \'ete- <idvernmeiit I’riiiling, 

; Iiepartmeiit, lliirma, fur the niiary Department. Ifurma. Jiaiejndn. 

! year eiuling HIs( .March, 191 !l. liurma. 

' I’riee As. 12 or l■'^. DA 



PUBLICATIONS OF THE IMPERIAL DEPART 
MENT OF AGRICULTURE IN INDIA 


TO BK RAD FROM 

Thk Okfick of the Aokioudtural Adviser to the Government ok India, Posa, Bihar, 

ami from the following AgenU 


(1) THACKEK, SPINK A CG., Calcutta. 

(2) W. NEWMAN A CO., CAU;U'm. 

(3) Rai M. C. SAKKAR BAHADUR A 

SONS, CALOorcA. 

(4) HIGGINBOTHAMS, LTD., Madras. 
(6) THOMP,SON A CO., Madras. 

(6) D. B. TARAPOREVALA, .SONS A 
CO., Bom BA V. 


(7) THACKER A CO., LTD., Bombay. 

(8) SUNDER PANDDRANG, Bombay. 

(9) Rai Sahib M. GULAB SINGH A 

SONS, Lahore. 

(lOl M ANAGER, EDUCATIONAL BOOK 
DEPOT. Naopur, 


A complete list of the publications of tbe Imperial Department of 
Agriculture in India can be obtained on application firom the 
Agricultural Adviser to tbe Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 

TheHO publicatiuiiH are 

1. The Agrieullural Journal of India. A Journal dealing with subjects connected with 
agricultural ecnnoraics, held ami garden crops, economic plants and fruits, soil.s, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agricnltiiral caitle, farm iniplcnients, and otlier agricultural matters 
in India. Illustrations, including coloured plates, form a prominent feature of the Journal. 
It is edited by the Agricultural Adviser to the Government of India, and is issued once 
every two months-or six times a your. Annual Suberripiion, Rs. h or 9>. 6d., including 
postage. Single copy, U. I-S or 

Soientihe Report.^ of the Agricultural Re-scarch Institute, Pusa (including tlio Report of 
the Imperial Cotton Specialist). 

.3, Annual Report ou the Progress of Agriculture in India. 

4. Proceedings of the Board of Agriculture iii India. 

5. Proceedings of Sectional Meetings of the Boani of Agriculture. 

6. Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series. 

(b) Chemical Series. 

(c) Entomological Serie-s. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Resiearcli Institute, Pusa. 

fl. Books. 

The following are the publications of the last two years 

Soientihe Reports of the Agricultural Research Institute and College, Pusa (including the 
Report of the Imperial Cotton Specialist), for t)io year 1917-18. Price, U. 1-4 or 2s. 

Scientific Reports of the Agricultural Bescarch institute, Pusa (including the Koport of the 
Imperial Cotton Specialist), for the year 1918-10. Price, R. 1-4 or ‘2s. 

Report on the Progroas of Agriculture in India for tlie year 1917-18. Price, R. 1-8 or *2s. 3tl. 

Report on the Progress of Agrienltnro in India for the year 191819. Price, R. 1-4 or 2$, 

Proceedings of tlio Board of Agriculture in India, hold at Pusa on the ht December, 1910 and 
following days (with Appeudicos). Price, As. P2 or Is. 3d. ' 



AdRlCULtURAL PUBLICATIONS.—(Conc^e;.) 

l*rooee(]ines of the Second Meetinj; of Mycological Worker* in India, held at Piisa on the 
20th February, 1919, and following days. Price, As-11 or Ir, 

Prooeedhigs of the. First Meeting of Agricultural Chemists and Bacteriologists, held at Pusa 
on 24th February, 1919, and the following days. Price, R. 1 or 1*. 6d. 

Proceedings of the First Meeting of V'eterinary Ofiicors in India, held at Lahore on the 
24th March, 1919, and following days (with Appendices). Price, As. 8 or 9(1. 

Proceedings of the Third Entumologicai Meeting held at Pusa in February, 1919. {In th« 
jrreu.) 


MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA 


BOTANICAL SERIES 

Vol. IX, No. IV. Studies in Indian Siigarranes. No. X The Classiflcation of Indian Canes 
with special reference to the Saretha and Siinnabile Croups, by C. A. 
Bakbkk, bc.I). Price, Rs. 2-4 or ;is. 

Vol. IX, No. \'. Phytophlhora Mfadii n. sp. on Hivm liraaUmiiiis, by VV. McRak, M.A., 
B.8C., T'.L.s. Price, R. 1-4 or 2s. 

Vol. X, No. I. The Rico Worm onpinfus) and its Control, by H. J. Bi'TI.kb, 

M.B., K.I..R. Price, R. 1 4 or 2». 

Vol. X, No. 11. Studies in Indian Sngaroanes, No. 4. Tillering or Underground Branch¬ 
ing, by C. A. Bakbkk, c.i.b., sc.|)., f.l.s. Price, Rs. 4-4 or 7s. 

Vol. X, No. Ill, Studies in Indian Sugarcanes, No. On testing tbe suitability of sugar¬ 
cane varieties for different localities, by a system of measurements. 
Periodicity in tbe growth of the sugarcane, by C. A. Bakber, (M.E, 
8C.D., r.L.8. Price, R. 1-12 or 3». 

Vol. X, No, IV, A Pylhium Disease of Ginger, Tobacco and Papaya, by L. S. Subrama- 
niam. Price, R. 1-S or 2». (id. 

Vol. X, No. V. Studies in the Pollination of Indian Crops, 1, by A. HowAun, Garhiki.le 
li. C. Howaiiii, and Abi>i;k RaU.man Kha.n’. Price, K. 1-4 or 2s, fid. 

Vol. X, No. VI. “Kumpta” Cotton and its Improvement, by O. L. KoTTITr, B. Ag. 
(/» the prese.) 

Vol. Xf, No, I. Some Aspects of the Indigo Indii.stry in Bihar. Part I. The Wilt 
Disease of Indigo. Part II. The factors underlying the seed produc¬ 
tion and growth of .lava Indigo, by Albkut Hovvarii, c.i.k.., m.a., and 
GabkikLLE L. C. Howakii, M.A., with the assistance of 
Ramdhan Sincii and Madlvi Abdi ii Raii.man {In thepreu.) 

Vol. XI, No. II. Studies in Disearcs of tbe .lute Plant. (1) Diplodia Corchori, ,Syd., by 
F. J. P. Shaw, d.sc., a.r.(j.s., f.l.s. (In the press.) 


CHEMICAL SERIES 

Vol. V, No. II. •* Heart Damage" in Baled Jute, by R. .S. Finlow, B.Bc., K.I.t;, F.C.s. Price, 
K. 1 or Is. 6d. 

Vol. V, No. III. Experiments on the Improvement of tho Date Palm Sugar Industry in 
Bengal, by Haroi.ii K. Amnett, k.hc., f.i.c. ; Go.sta Bf.hahi Pal, m.sc. 
and INDU Biiushan Chattf.kjkk, b.Ag. Price, R. 1 or I». 6d. 

Vol. V, No. IV. Cholam (A. A'ori/ABni) as a Substitute for Barley in Malting Operations, by 
B. ViswANATH, T. Laksiimaka Row, b.a., and P. A. Raohunatha- 
HWAMI Avvanoar. Pip. Ag. Price, As, 12 or 1». 

Vol. V, No. V. Tho Phosphate Ropiiremonts of some Lower Burma Paddy Soils, by 
F. J. Wakth, m.sc., B.Bc., and Maung Po Shin. Price, R. 1-12 or 3». 3d. 

Vol. V, No. VI. Absorption of Lime by Soils, by F. J. Wakth, m.sc., b.bc., and Maunu 
P o Saw. I’rice, K. 1-2 or 2s. 


ENTOMOLOGICAL SERIES 

Vol. V, No. V, The Rice Leaf-hoppers {Nephotrtliic hipunciatvs, Fabr. and NephoUltix 
apicalis, Motseb.}, by C. B. Miska, b.a. {In the prtte.) 

Vol. V, No. Vl> Lanlana Insects in India. Being the Report of an Imiuiry into tbs Effi* 
ciency of Indigenous Insect Pests as a Check on the Spread of Lantana 
in India, by Y. RauacUandka Kao, M.A.t F.B.S. {In the prett.) 


ENTOMOLOaiCAL SERIES.—(CokcW.) 


Vol. VI. Life-hiatorieii of Indian Ihaech: Microlepidoptera, by T. B*inhriu6k 

Fletcbek, H.N., F.T..6., E.B.s., F.z 8 , Imperial FiiitomoloKi!it. (In ihe 
preti.) 


So. I. 
„ No. II. 

.. No. III. 

,. No. IV. 

.. No. V. 

„ No. VI. 

No. VH. 
No. vni. 
Vol. VII, No.«. 1 & 


Pterophorida). 

Carpoainida-, Phalonida;, Torti icida- and Kucoamidir. 

Gelechiada'. 

rosmopterypida;, (Kcophorida;, Phyaoptilidsp, Xyloryctidic, Stenomida; 
and Orneodida;. 

Heliozelidas. Heliodinidic. Glypliiptorypida:, Blaetobasida? and Hypono- 
incntida'. 

Gracillariadx'. 

Kperineniadsi', Plutellidir and Lyoneliada'. 

Tineidai and Nepticulida-. 

New Indian Gall Miilpes (Diptera), by E, P. State Bntoinolopiat 
of New York. U. S. A. ; and Description of a Phinocypliine larva 
from Shillonp, by Mv.ion E. C. Fbaskii, i.m.s. 


BACTERIOLOaiCAL SERIES 

A Bacterial Disease of Wheat in the Punjab, by C. M. Hutchinson, b a. 
Price, As. 12 or 1*. 

I’ebrine in India, by C. M. llt TCHls^ON, B..v. (In the /nesa.) 

.Studies on the Root Nodule Orpanism of the Lopuniinous Plants, by 
N. V. .lustll, M.Sc., B.A., L. Ap. (In the press.) 


VETERINARY SERIES 

Vol. II, No. VIII. Knmri: Combined Ditfnso Sclerosis and Central Poliomyelitis of Horses, 
by G. H. K. MACAblSTKK, .m.a.. M.o., d.imi. Price, R. 1-8 or 2s. 6d. 

\'ol. Ill, No. I, The Vitality of the Rinderpest Virus outside the Animal Body under 
Natural Conilitions, by A. W. SHibsTON, M.u.c.v.s. Price, As. 12 or D. 


Vol. 

I. 

No, 

VII. 

Vol. 

I. 

No. 

VIII. 

Vol. 

1 . 

No. 

IX. 


BULLETINS ISSUEU BY THE AQRICULTURAL RESEARCH 
INSTITUTE, PUSA 

No. 77. .Some Camel feodinp Experiments, by H. E. Cro8.s, m.k.c.v.s., o.v.h., a.Sc. Price, 
As. 2 or 'iti. 

No. 78. Smuts of Jowar (Sorghum) in the Bombay Presidency, by O. S. Kulkakni, L.Ap. 
Price, A.s. 4 or 6<i. 

No. 79. Prussic Acid in Burma Beans, by F. J. Wakth, ii.se., M.sc.; and Ko Ko Gvi. 
Price, As. 2 or 3d. 

No. HO, Are ('amols Susceptible to Black Quarter, Hiemorrhapic Septictemia and Itinderpest, 
by H. K. CROSS, m.r.(j.v.8., o.v.h., a..sc. Price, As. 4 or M. 

No. 81. The Value of Pliosphatic Manures in India and the Pussiliility of their Manufac¬ 
ture on a Larpor Scale, lieinp evidence sidiniitted to the Committee appointed 
to discuss this question (Subject IX) at the Meotiiip of the Board of Apriciilturo, 
Poona, 1917. Edited, with an Introduction, by W. A. Davi.s, b.sc., a.c.o.i. 
Price, As. 4 or M. 
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THE CATTLE EGEET 


(BvnvLCUs cormiANDVS). 


BY 


T. l!.\lNI![;iri(JL FLETCIIEIT ILN.. F.E.S., F.Z.S., 


Imperial Eiiiomnhxj'ml ; 


.\M) 

V. M. INGLIS, M.IIO.U, F.Z.S. 

AIost oj the birds dealt witli in tliose articles are of general 
oeeiirrenci' and as likely to be found in ('alciitta, or anv other 
larg(' town, as in tlie siirroundiirg eoiintry-side. but tlii' subject of 
oiir jiresi'ut paper seems to have little use for a town life, although 
it is one of the “common objects of the country ” inmost parts 
of the inqfii.wl. According to Stuart Baker, in North Cacharit 
ascejids the hilis to 2,200 feet. The (’attle Egiet {Biihulcus coro- 
iMvndus), as its popular luuue implies, is an Egret which is especially 
attached to cattle - frequently accompanying these animals and 
fe<'ding on tlu' grasshoppers and other insects disturbed as the 
cattle move about and also picking oi! insects, ticks and leeches 
wliich are attracted to the cattle. It is a very tame bird, even 
commg into compounds where any cattle are grazing. It is a social 
bird, generally occurring in parties, accompanying the cattle in the 
fields and frequently perching on their backs. Sometimes it attends 
pigs also and relieves them of lice. Occasionally it accompanies 

( 373 ) 
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crocodiles and apparently picks leeches or other parasites off them, 
and sometimes it varies its diet with small fish, tadpoles and aquatic 
insects. The late C. W. Mason investigated the stomach contents 
of three birds at Pusa in December 1909 and found tliat they 
contained 166 insects, of which three were Carabid beetles which 
were classed as beneficial, three as neutral, and 160 as injurious, 
the majority of this kst category comprising grasshoppers and 
flies. There is no doubt but that this bird is decidedly beneficial 
to the agriculturist in India, not only helping to keep clown grass¬ 
hoppers and other crop-pests, but reducing the numbers of blood¬ 
sucking pests which prey upon cattle. 

Tlie Cattle Egret is easily recognizable, being a pure white 
bird with a yellow bill and black legs during most of the year. In 
the breeding season, which is at the beginning of the rains, some 
hair-like yellowish plumes grow from tlu' head, neck and back, 
as seen in the right-hand figure of our Plate ; these nupt ial plumes 
are orange-coloured on the head and neck, those on the back orange- 
buff varying to pinkish or brownish buff. In Bihar this plumage 
is assumed in April, but in the case of one colony which vas breeding 
on some mango trees in August there were just as many birds in 
the pure white as in the usual bleeding plumage. 

Before legislation took place this Egret suffered the same 
fate as those with more valuable plumes, but now it appears to be 
much less molested. It is protected by law throughout Ihe whole 
year in the C'entral Provinces, Bombay, Bihar and Orissa, United 
Provinces, Delhi, Madras, Burma, and Assam. 

As noted above, the Cattle Egret is a social bird at normal 
times, contrary to the habit of most herons during the non-breeding 
season, and it is probable tliat this social trait is the direct result 
of its attendance upon cattle. At the breeding season, however, 
which is from June to August in regions watered by the South- 
West monsoon, November and December in the Carnatic, and April 
and May in Ceylon, this sociability is gieatly accentuated and the 
Cattle Egret at this time breeds tc^ether in vast numbers, often 
in company with other Egrets, Pond Herons and similar marsh- 
loving birds, making a large untidy nest of sticlcs, built in a tree. 
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often in tamarind trees around village ponds, and laying three to 
five very pale greenish or bluish eggs, almost white, which vary 
much in size and shape but are typically rather broad ovals, some¬ 
what pointed towards one end, and measuring on the average 
about 43 mm. long by 33 mm. broad. 



Mr. J. MACKENNA, M.A., C.I.E., l.C.S. 


BY 

E. J. BUTl.EU, D>’c.. M.B.. F.LS. 

On the 30th of April, 1920, Mr. J. Mackenna, M. A., C.I.E., l.C.S., 
vacated our editorial chair on hi.‘< resignal ion of the post of Agi i- 
cultural Adviser to the Government of India and Director of 
the Agricultural Research Institute, Pusu. By his resignation 
the " Agricultural Journal ” has suffered a severe loss, and the 
Department has to regret the departure of a most distinguished 
and popular chief. 

In his new appointment as Development Commi,ssioner in 
Burma, he ha.s taken up the highl}' res])onsil)le duties of the first post 
of the kind established in India, and it is giatifying to know that he 
will still remain in charge of the agricultural development of •’ 
considerable province of the Empire. 

Mr. Mackenna’s connection with the Agricultural Department 
extended over a period of 16 years from his first a])])ointment as 
Director of Land Records and Agriculture, Burma, in 1964. 
Shortly after this, he attended the first meeting of the Board of 
Agriculture held at Pusa, in 1905, and, by his active participation in 
the discus,sions at this and subsequent meetings—he has attended 
nine of the eleven hitherto held and presided over three— has taken 
no small part in shaping the policy of the Department, 

In Burma he was responsible for organising the Provincial 
Department of Agriculture which came into existence as a result 
oi the policy of agricultural development initiated by Lord Curzon’s 
Grovemment in 1906. The first experts that started work on the 
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improvmen^ jpf#linne«e agriculture^ with the advantage of Western 
experience, did fto under Jiis pontrol, and it is fitting that, now 
that a large increase in expert staff of Burma has been sanctioned 
and a second period of progress is in sight, he should be back in his 
old province to exercise a guiding influence over the development 
of its resources. 

lie was first called to the charge of the Imperial Department 
of Agriculture in 1913, when he acrted as Agricultural Adviser for a 
year during the abseirce of Mr. Coventry on leave. He returned to 
assume substantive charge when Mr. Coventry retired in 1916, and 
he held the })ost until his recent resignation, except for a short 
jreriod of a nronth in 1918 when he acted as Secretary to the 
Cover mntnt of India in the Depar tment of Revenue and Agriculture, 
and for six rrronths last }'ear when he was on leave. 

This period was one of exceptional strain in the agricultural 
as in fill other de])artments. During the worst years of the war 
and the siibseqiuut period of stagnation and slow r'ceovery, the 
staff was depleted down to the bare minimum required to prevent 
d'rsorganization. That in tlie face of these difficulties progress has 
not ceasetl is in no little degree due to the optimism with which 
Mr. Mackenna continued to consolidate the position aheatly gained 
and prepare for a further advance as soon as conditions again 
bet-ame favourable. It w'as impossible to hope to expand during 
those years, but it was possible to prepare for accelerated progress 
in the brighter- times that w'cre coming. The end of the w^ar found 
him w'ith plans matured or maturing for a large expansion of activities 
in ahnost every direction and he had the satisfaction of placing 
these before Government dining the past few' months. 

Post-w'ar problems of great magnitude have to be faced in con¬ 
nection W'ith some of our most important crops. The war very 
forcibly demonstrated the disadvantages of being depndent on 
foreign countries for suirplies of the necessaries of life. Cotton 
and sugar are two of those (;ommodities that tlie Empire produces 
in quantity insufficient for its needs, and in both cases India offers 
one of the most -promising fields for development. Mr. Mackenhj|| 
was instrumental in getting two strong committees appointed to 
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examiae ^^^ Indian ^ po^i£^itiea ot^ffx^a&sionAaa segasds these 
^ cr(^ 5»xd*to Resident, fitsf of'the Indian' Cotton'Oommittee and 
then of'the Indian Sugar Committee, he has spent a considerable 
p&rt of the last three years in dealing with this question. 

The Cotton Committee reported in 1918, and its recommend¬ 
ations have received a strong metvsure of support from bodies 
such as the Empire Cotton Growing Committee and the British 
Cotton Growers Association, as well as from the trade and agri¬ 
cultural authorities in India. They are far-reaching and will take 
a considerable time to give complete effect to, especially in the 
matter of securing the necessary staff to caivy them out, but they 
are generally accepted as likely to be effective in improving the 
quantity and quality of the cotton grown in India. 

Tlie Sugar Committee was still sitting when Mr. Mackenna 
was summoned to Burma, and he had, therefore, to hand over its 
presidency to Mr. Noyce. Much of the Indian part of the enquiry 
was then completed and the evidence obtained is amply sufficient 
to .show the need there was for a thorough examination of the 
position. Though India is one of the two chief producers in the 
world, there is little doubt that, but for the war*, her imports of 
sugar would be now in excess of a million tons a year, and she is 
thus far from being in a position to feed herself, much less any other 
part of the Empire. But, with an area of some three million acres 
under the crop, it is clear that, if the Committee’s recommendations 
are effective in stimulating the improvement of the present 
wretchedly low yield per acre, its work will have been of first-rate 
importance. 

Another matter to which Mr. Mackenna devoted much atten¬ 
tion was improving the publications of the Department. The 
“ Journal ” has greatly increased in popularity under his editorship 
and the recent decision to issue it every two months, instead of 
every quarter, should still further stimulate its circulation. His 
annual report on the Progress of Agriculture in India was regarded 
as, in many respects, a model for similar Government publications 
and was deservedly popular. In this connection, reference may 
also be made to his brochure on ** Agriculture in Indi^” wher^ ia ;l» 
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(Mi a bundled pages, be give» a hicid and interesting account 
of the work of the agricultural and allied departments up to 1915. 

At Pusa, Mr. Mackenna will long be remembered as the most 
genial and kindly of chiefs. He did much to improve the amenities 
of life, always difficult in such an isolated place, and showed a 
practical interest in regard to recreational, medical and educational 
facilities for the staff. 

For the Indian Agricultural Service he worked hard to secure 
the revision of the terms of service that he held were long overdue. 
Though he was not himseff a member of the Service, he had its 
interests at heart, and it owes a great deal to his representations on 
behalf of its members. 

We hope that he will not forget his old friends in the Agricultural 
Department as we know they will not forget him. There may still 
be opportunities for an occasional meeting and we foresee a further 
increase in the popularity of Burma as a scene for the touring 
activities of the Pusa staff. The best wishes of the Department 
accompany Mr. and Mrs. Mackenna to Burma, where, we hope, 
they will have a very successful and happy time 



PRINCIPAL FODDERS IN THE CENTRAL 
PROVINCES AND BERAR, INCLUDING 
THE SMALL BAMBOO {DENDROCALAmiS 
STRWIUS).* 


I!Y 


1). (fL()lWT()N\ (’l.R. AVI. F. J. TLY.MKN, A.C/i 1., 

OJ ill' Di'jiiifliiwiii »J Aiirii''dtni'(’, ('cnli'fil /Vd/vi/iv.v lli'fiit. 


Tiik iiiipidvciuciit ill tlio brooding of Iiidinn oaltio in ordor 
to I'iU.so tlio standard of animal at. l!io disposal ol tlio Indian agii- 
cnlturist involves also improvomoni in aninuil nmnagoini'nl. ]»arli- 
cidarly as rogards feeding. Stall-feeding is not only lioooining 
possible but also necessary in some Inn ts; and in future the farmer 
will have to jirovide fodder b r bis cattle instead of dejK'nding 
upon iiidiseriminate giazing. 

A series of analy.ses of the eommon grasses of the f'eidral 
Provinces and lUrar made in the dejiartment s laboratory some 
time ago showed that these grasses are fundamentally low in feeding 
value. The aiuilyses are suHieieitlly intere.stingtobe worth (pioting. 


oJ (vunnon <inm('ii oJ the (jcnlml RmlvccK aixl Rcrur. 


Name of grass 

.Mciia lire 

Oil, eti- 

krh(nmiim fukdum 

7-Oh 

i-:iK 

rtpludd mriii 

7-11!) 

1-H2 

SV/arw gkitea 

i 'tiM 

1 ■T.'i 

hrilma kxiim 

i-u; 

1-2.7 

AndrviKigon (ironihiliui 

III-:!! 

|-7(; 

mriVywHv ,. 

7-SII 


furtuiiu .. 

l(|-.77 

l-tei 

hrhnwtm laxuw 

S-S4 

1-20 

Andropogon contort Ki .. 

Ii-(i7 

1 -III) 

Avkraiik 

S-24 

1-52 


1 Sollllile 

liydriitc 

: ('mile 
, lilire 

Asht 

‘li.elml. 

: iiiglrue 
|iroteiii 

tliii-lml. 
ing sand 

:i7-77 

' .'l7-:i7 

ni-,7H 

i H-lll 

14.79 

lo-.-io 

:!7-72 

11 -:io 

2-H(i 

le.-to 

i:i-lt 

:(()-o2 

i:i-(Ki 

:!-2!l 

lO-lli 

4tl-!)S 

; ,-!i-i:i 

IO-.79 

' 2-41 

s-;io 

4.-1-.77 

. :i:!-is 

s-io 

2-00 

7-:i;t 

17-77 

:i 2 -io 

S-K| 

: :i-i7 

.7-4:1 

47-4H 

2K-tl2 

7 -.77 

2-:i!i 

ll'lCt 

42-H2 

111-111 

10-1(1 

2-:i.7 

8-06 

.711-11! 

:!2-lU 

7-21! 

1 1-70 

5-02 

44-lKI 

32-.74 

10-41 

1 2-60 

7-80 


'rotal 

liitriijirli 

jiriitcni* 


;e:n 

on 

2'.Sit 

2-r,!i 

li-.S!) 

2-117 
1 2-(K) 

I :{-:io 


* l'aj)cr read at ihc Seventh Indian Seicnoe Oiu)^re*s, Nagpur, 1920 . 
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For purposes of comparison the following analyses of grasses 
grown in more template climates arc given. The figures have 
been collected from various reliable sources. 


1 

j KUicr 
. ext nu t 

I 

i 

i 

Tol ill 
nitriigen 
.ns 

Jirolcin 

Xil rogen 
Uvv. 
extract 
and 
kiiIiiMo 
eailio- 
livdrate 

* 

< Viidc' 
liOrc 

An) 

ri,i(r<i .. .. 1 :m4 

Oi'i'iii.'iiiy •• : -'.n 

•• j I'iK! 

SmmI li Wales .. i 214 

!i-2i ! r.anT 

10-74 I 40-,Vt 

1 4!»-7:( 

!fo;! i r.2-8i 

2.7-71 

31-00 

22-.7;( 

2 o-;tri 

7-07 

(i-30 

12-42 

0-07 


It is clear from a consideration of these figures that in so far as 
( iH'iuical analysis is a guide, the feeding value of Central Piovinces 
and Berar grasses is much below tliat of the grasses produced 
in tlu‘ countries n.;nned, particularly vith regard to the highly 
im])<>rtant ])rotein matter. Some of the local grasses have, however, 
a distinct rejuitatioti for feeding juirposes, Iselurnivm sulcatum 
being s\iHieient in itself to keep horses and cattle in good 
condition. 

That ])res(mt methods of chemical analysis are injideepiate to 
deal with th(' relative values of juisture grasses is geii.erally agreed. 
Figure's g'ven by ^Vilsoii ' show prae-tically no diilerence in the 
composition of grass from poor low rented jeasture and that from 
valuable fattening land. Hall and Jlussell- arrive at the same 
conelusion in their study of the fattening jeastures of liomney 
Marsh. Mon' discrimiiuiting methods of analysis are obviously 
reepiiicd, for although a food may contain a sufficiency of mixed 
pidtein, it is on.lv of limited value if some necessiiry spcific protein 
is altsent. Further, the estinuition of the digestibility of food is 
full of difficulties, and evett wlu'ii this factor lias lieen eletermined 
more or less satisfac-fonly we aie coidVonted with tlie epjcstion 
whether the digi'sted portion of (he food is entirel}' or on)}' partially 
available lor animal nutrition. 

' Heiv.ih'i- /V(>r/n‘.y.s\ Wtl. VII, Nt). 27, p. 420. 

3 Jonnu A^ri. iSVu-wrr, Vot. IV, p. 




‘ Zn OQ&sidj^iiitg fhe.(36ta|)oajlo& of Iiniiaai m > 

ftZO iffit at present dealing with the £ner points of digesiihlhit^ and 
availability so much as with the fact that in order to obtain its 
necessary d^ily ration of protein an animal has to consume about 
twice as much Indian fodder grass as would be required if the 
grass came from a more temperate country. It has been found 
that the quality of a fodder is susceptible to climatic changes, 
while Crowther and Ruston ^ in their investigation of the ripening 
of grass for hay found that poverty in protein was characteristic 
of fodder grown in dull cool weather. 

In view of the apparent poverty of Indian glasses, any other 
fodders which can be grown easily are deserving of attention. 
Leguminous fodders are particularly valuable, even the wild buliy 
legume Alysicarjnis rugosm has a total protein content of over 
IS per cent. The cultivated leguminous fodders like lucerne 
{Medicago satim), Egyptian clover or berseem {Trtfolium alemn- 
drmum), etc., are naturally of the greatest value where they can be 
grown, but the fact that they are not found to seed locally militates 
Against their general adoption. 

Of the bulky fodders commonly fed to cattle in the Central 
Provinces and Berar, rice and wheat straw and jmr stalks are the 
most important. Many other fodders have been tested on Govern¬ 
ment farms in the provinces; but with the exception of Egyptian 
clover {TrifoUum alexandrinum) and the small bamboo {Dmdro- 
caiamus stridus) none of them has shown much promise of being 
suitable for adoption on a large scale. Egyptian clover or herseem 
does best when sown in rice fields about ten days or a fortnight 
. before that crop is harvested. When the monsoon ceases in Septem¬ 
ber, it does well when sown in a standing crop of early rice early 
in Octol;)er; but if the rains are more prolonged, it does better ii 
sown kter in fields carrying medium or late rice. To secure uniform 
germination it is all important that the seed should be sown whife 
the surface soil is still damp. By lyir^ in contact with moist soil 
the seed germinates in four or five days, and the young dbv^ 


Jam. AjH. Sikm, VoL ZV, p, SOB* 




PLATE XXI 
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plant is Well established in about ten days, by which time ther rice 
can be harvested. Clover sown in standing rice docs better than 
that sown in open fields which have had to be cultivated before 
sowing. This would appear to be due to the fact that in its early 
stages the young clover pLint does Indtcr when shaded from the 
hot glare of an October sun. 

The seed rate required for clovcj- Inoadcasted in standing rice 
fields is 40 lb. per acre. Within six weeks from the time of sowing 
the crop attains a height of about 15 inches. II cut at this stage, 
there will be a .second growth leady a month late). Cuttings of 
from three to four tons per acre can be obtained every month 
from December till Apiil, if the kind is kept slightly iuoi.st by 
irrigation. The be.st time to irrigate is immediateh after cutting. 
It is v(‘ry r(*.sponsive to manuring and it h<is been observed that 
when its cultivation i.« continued on the same land its outturn 
increases gradually. This nuiy be due to the inciease of nitrogen¬ 
fixing bacteria in the soil, or to the mamirial value of the rwrls 
left behind, or to both. As a lodder it is easil}- the liest of those 
which have been tested up to date in the Central Provinces. If 
it were po.ssible to raise .seed locally, the crop woidd undoubtedly 
have a great future ; but under existing conditions the )'ield of 
seed pel' acre is only from CO to 80 lb. 

For poor light soils which cannot be irrigated, small bamboo 
(D. strictKs) promises to be a most ruseful fodder, more especially 
in years of drought. Sir George Watt in his Dictioruu')' of the 
Economic Products of Iirdia describes this bamboo as being densely 
tufted and gregarious, and as having strong and more or less solid 
culms of from 30 to .50 feet in height. It occuis on modemtely 
dry hills throughout India 'and Burma, except in Xorthei'U and 
Eastern Bengal and Assam. It flowers after about 30 j'ears; and 
after flowering the plants die. This bamboo diH's very well on the 
poor gravelly soils of the rice tract of the Central Pi'ovinces where 
the rainfall ranges from about 45 to 60 inches jier annum. 

Plate XXI, fig. 1, shows the height attained in three years by 
bamboos grown on “ mooram ” soils on the Chandkhuri Farm, Raipur. 
The seedlings were raised in an imgated nursery and planted out in 
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the beginning of the rains. The first cutting taken in June after 
three years’ growth yielded 19| tons of green fodder per acre which 
was much relished by the farm cattle as will be gathered from 
Plate XXI, fig. 2. Though the tender twigs and green leaves of the 
older culms were removed from time to time during the rains no 
apparent injury Was done to the culms. From the outturns already 
obtained, there is reason to believe that yields of from 4U to tK) tons 
of leaf per acre can be obtained irom this variety of bamboo three 
years after planting. The aml} ses of the leaf both in the dry and 
green state nuiele by the Olliciating Agricultiual t'hemistare given in 
the statement below. Senne aiuh iics of other locall}' groAvn foddcis 
are also given. 

Tauj.k If. 


Kainr of ftiddci* 

MoiKtiire 

Ktlier 

exirael 

Ti.lal 

mtriigeii 

as 

protein 

, SiiliiMf 

Oil rlio- 
hytlnito 

(’riHlu 

liln’f 

Asli* 

’•‘Incliuliiij' 

1. I3aiiil»oo leaves, 
r e •• 11, J). 

.sir let HU 


0*!I7 

(1-24 

l2-7r, 

'.i-e:. 

4-42 

a-r*8 

2. Ilainljoo Uave.s, 
aii'tliy, D. 

7'MO 

2 22 

l2-!l.'i 


24-18 

14-81 

I2M15 

Banilnio leave.'<, 
r e e ii. }l. 
a ru tiduiunti 


OMl 

;i-ii(i 

l(i-2.-. 

io-:i2 

> .“>-10 

:t-8.'. 

r. lianiboo lra\<'s, 
air-dry, li. 
at iindinana 


2-2(i 

10-O!l 

41-do 

20-:t2 

i:t-(ii 

0-81 

Luccnic, Midi- 
rtajo .iat'tvtf 
dry 


2-(Id 

ir>'2o 


2:{-s:j 

lI-oO 

0-.7:! 

(i. B 0 r s r (■ Ill. n 
altxandrinvm, 
green 

81 did 

O-.'il 

:{-22 

8 •20 

4-(10 

2-:i8 

0-1.7 

7. Jifor fotidcr, 

.-1 ndropoifOfi 
Sorghum, dry 

(i-14 

0-89 

2-SI) 

r)8-42 

20 •87 

0-2!) 

:i-(i8 

8. Average fiidder 
grasH, dry -. 

8-24 

l-.-)2 


44-OO 

1(2-.74 

10-41 

7-80 


It will be seen that of the most important constitutents of 
•*(£ood, viz., protein, oil and carbohydrate, dry bamboo leaves contain 
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nearly four times as much protein as is contained in the common 
grasses. The propcntion of sand is somewhat high in both, auxl 
the proportion of indigestible fibre is greater in grasses than in 
bamboo leaves. The nutritive value of bamboo leaf appears to be 
at least equal to that of our grasses, while the ^icld obtained per 
acre is very much greater than that obtained from grass on similar 
soil. For the first cutting taken in June last year the variety 
Dendrocalamus sfriclus gave, as ahead}' pointed out, a yield of 
]9| tons per acre on the (’handkhuri Farm. Spear grass (.'fwrfro- 
po(fOH conUrrtus), which is commonly found on this poor class of 
gravelly soil at present, ordinaril}' gives from l| to 2 tons of green 
fodder per acre, which is equivalent to from 350 to 700 pounds 
of dry glass. It should be jiossible in parts of India where tracts 
of jioor land are available and where the rainfall is suitable, to 
establish liamboo fodder reserves from which useful su})plies of 
green fodder could Ix' obtained for 7 or 8 months of the year, and 
from which bamboo hay could be made for utilization in years of 
fodder famine. 'I'hat bamboo hay is a palatable fodder for cattle 
has been jiroved on the Telinkheri Dair}^ Farm, where an experimeixt 
is now being carried out to compare its feeding value with that of 
dry' grass. In the green state it is already* used as a fodder in 
certain jiarts of Iiulia. In this state it is supposed to possess 
medicinal jiroperties and is commonly fed to ponies and cattle 
sufTerin.g from ailments such as “ broken wind and foot-aqd- 
mouth. 

There are nuiny othei- uses to which this bamboo could be 
put: its seed is a most welcome food-grain and its tendei' culms a 
welcome vegetable in famine years. Its mature culms are used 
as rafters and battens, or in the manufacture of nuats and furniture. 
In jungly areas where bamboos are plentiful and uhere pigs abound, 
the cultivator fences his cane and vegetable plots nith a fence 
nuule of split bamboos. There is, in short, good reason to believe 
that the systemixtic cultivation of this most useful species is well 
worth the serious consideration of the Dejiartment of Agriculture 
in this country. 



SOME FACTS AND FIGURES REGARDING 
BANANA CULTIVATION. 


BY 

W. BURNS, D.Sc„ 

Economic Botanist, Bombay ; 

« 

AMI 

P. G. DANI, B.Ac., 

0/ Bomlmj Agricultural Dejmrtmcnt. 

The following facts and figures are culled from a nuiss of 
records of two plantations in the Ganeshkhind Botanical Garden, 
and may be of some use in giving more accurate information regard¬ 
ing this important crop. 

Two varieties were used. In the first ])lantation was planted 
a variety locally knovm as Soni, with a medium-sized, very sweet, 
yellow-skinned fruit. The area of the plot was 23 gunOm, that 
is 23/40ths of an acre. The suckers were put in at, 15 feet apart 
each way, and were 110 in number. The main objects of this 
plantation were to provide material for 

(1) observation of the development and morphology of the 

inflorescence and flowers of the banana ; 

(2) study of the problems of pollination, fertilization, and 

hybridization. 

Incidentally other observations were made or recorded in the 
cultivation sheets, and it is these that are here presented in a highly 
condensed form. 

It should be mentioned that this work passed through the 
hands of no less than three assistants and hence there was some 
little trouble in disentangling facts from the records, but the state¬ 
ments now made arc sound. 

(.386 ) 
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The plantation was destroyed in March 1919. The total 
yield of raw fruit for the plantation from June 1916 to this date 
was as follows: 



YibXiD 


for 23 gvnthm 

1 calculated per acre 

W'oiglit 

15,037 11). 

1 

j 27,1941b. 

Number of fniits 

81,000 

! 140,984 


The original sucker we called the mother-sucker, and the 
following suckers that came into bearing on the same stool we 
called the first, second, etc., sucker-generation. Suckers were cut 
away from the stool at first so as to leave one in bearing, one half- 
grown and one just starting. Later on this rule wns not strictly 
observed. The total number of suckers that came into bearing 
during the time of the experiment w'as 494, representing the mother 
generation and up to three sucker generations after it. 

The average yield per sucker (nrother or daughter) during 
the period of experiment was 31‘65 lb. in weight or 164 fruits in 
number. 

A imnurial experiment was carried out, the plot being divided 
into two, one part treated wath a mixture recommended by Dr. 
Mann and the other receiving local treatment. Later on both plots 
received the same treatment. The following are the dates and 
methods of manuring, the quantities given are pr stool:— 


•luue 21,1015 

Both plots n^cejved 80 11). farmyard manun- per stool, at time of planting. 

June 20, 1910 

Rub-plot 1 received 20 lb. poudrette and 1 lb. Dr. Mann's formula, and 
Rub-plot ?, 40 lb. poudrette. 

Jan. 11,1917 

Do. Do. Do. 

(Manurial experiment ended.) 

Feb. 9,1917 

Both plots received 140 lb. farmyard manure and one lb. bone meal 

l)t‘r stool. 

June 1, 1917 

Do. * Do. 100 lb. poudrette. 

Jan. 23,1918 

Do. Do. 1001b. poudrette. 
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The inanurial experiment has been recorded in the Annual 


1916-17, and 1917-18 and in Bulletin No. 89 of the Bombay Agri¬ 
cultural Department. There is no need to say more of it here than 
to state that the poudrette plus Dr. Mann’s formuLi jnoved the 
better treatment. 

Watering was done at teji-day inteivals. 

The attached table is a record of the behavioms of three stools 
(numbers 14, 46, and 77) taken at random in the whole pl'intation. 


Tive Xi). 


of 

liarvi'sis 


No. of days 
l)(l woon 
luirvo.sts 


\Vci);lil No. of 
of fruit tniils 1 riiic tnation 
jirudiK'ocl [iroducidi 


ll>. 



1-1 inotlicr 

1-ll-lli 

J v(*ai aii(i l.'Ul 

1 is 

1.30 



i\ ;:fn. 

I.-!!)-17 

days froiTi 
jilantiiiK- 

312 

i 

1 

; 2S 

1S3 

-1 r»!j 


a „ 

1-7-IS 

2ss 

' 30 

21S 

1 -! 3.7 


‘111 mother 


1 year and i)2 

1 

i 24 

1.74 


Si.stcr 

(A sen. 

i i.'5-r>-i7 

days from 

]>luntinK- 

232 

1 

! 

31 

172 

4 1 s 

suukerH 

(A „ 

7-S-J7 

S2 

00 

207 

-i 3.7 


(IS „ 

j 2r,-.7..i8 

2S8 

44 

230 

-t 23 

J)o. 

^1 

113 » 

1 

24-(i-lS 

30 

Oil 

; 210 

- 1 1 


77 inothtT 

tn-s-i(i 

1 year and 70 

H 

lOl 



A Ken. 

.vd-n 

days frem 

]>lanlinK. 

21.7 

IS 

24S 

.44 


A „ 

• H-J-17 

3 

41 

253 

-1 5 

Do. 

A „ 

7-S-17 ; 

11!) 

2.7 

145 

-108 


[B .. 

11-5-18 

274 

10 

1.57 

+ 13 


B „ 

1-0-18 

20 

50 

203 

+ 40 

Do. 

B „ 

13-C-18 

12 

40 

228 

-1 25 


B 

14-7-18 ; 

n 

.72 

180 

-48 


On examining the above table we see that from the date 
of planting to the date ol ffuiting of the bunch the average 
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number of days required is one year, three months and seven 
days. 

From the date of harvest of the mother to that of next gene¬ 
ration the interval is 280 days. 

The same from A to B is 298 days. 

The yield iji the first generation is more by an average of 
72 fruits than that of the mother, and is still more by a.n average 
of 3 in the second generation than the first, (litre the average of 
three stools is taken.) 

The a])])earane(' of the intloieseenee is always heralded by the 
appearance of leaves which we have luimcd trmisition haves, inter¬ 
mediate between a foliage leaf and a bract. The text-figure shows 
their appeaianc(>. 



Ti'dniiition leaves 1 and 2, and f;rst braot of a banana plant; 
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The avemge interval between the appearance ot the first 
transition leaf and the Imrvesting of the bunch was as follows 



No. of trees 
averaged 

No. of days 

Mother generation .. 

23 

121 

Sucker „ 

9 

166 

99 9 < . . . . • . 

4 

163 

„ 

4 

160 


The second plantation consisted of plajits of the Rajeli variety 
from Walhe viUiige on the Madras and Honthern Maliratta Ihiilway. 
This vaiiety is elsewhere known as Rajapuri or (ivjaratJii. Tliis 
is a variety more dwarf in habit and with a more angled and sliglitly 
coarser fruit than Soni. The area planted was 8 (/vntitas (8/40ths 
of an acre) and the distance betwee)i trees (‘aeh way was 11 
feet. The total number of trees was 72. I'lic plantation was begun 
on July 8, 1916, and destroyed in the beginning of IVIarch 
1919. 

The total yield for the whole plantation durijrg its existence 
was:— 


Weight 

Number of fruits 

The average number of sucker generations ]X‘r stool was two. 
The average yield per sucker was 21 ‘27 lb. or 79’30 fruits. 
The manurial treatment was as follows: 

July 8,1916 .. 60 lb. of poudrctto per stool, at tli<; timo of planting. 

Juno 1,1917 .. 100 lb. of pouflrotte per stool. 

Watering was done at ten-day intervals. 


I ViKi.n 

' for 8 ijiitilhiis 

calrulaicd f(»r 
one aero 

' 4,0X7 Ui, 1 

23,086 lb. 

.. 1 17,210 

86,0.60 
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Taking three stools at random (Nos. 24, 32, and 49), the 
following are details regarding time of fruiting, etc:— 


Tree No. 


No. of days 

Weight of 

1 

[ No. of 


harvest 

between 

fruit 

1 fruits 

Fluctuation 


harvests 

1 produced 

! 

prorluced 


24 mother 

31-7-17 

1 year and 23 

lb. 

40 

114 


A gen. 


days from 




2(M-18 

260 

70 

151 

-1-37 

n » 

6-S-18 

10.7 

29 

130 

-21 

.12 mother 

2.7-8-17 

1 year and 47 

40 

88 



27-1-18 

days from 

lilanting. 




A gen. 

242 

24 

102 

-114 

If 

10-9-18 

133 

18 ! 

79 

-23 

49 mother 

13-9-17 

1 year and 65 

16 ' 

64 


A gen. 


days from 

})lanting. 

i 

1 


3-.7-18 

2.30 

50 i 

149 j 

-f85 

R 

21-2-19 

288 

19 1 

62 

-87 


On examining the foregoing table we see that from the date 
of plantijig to the date of fniiting of the mother plant the average 
nmuber of days leqnired is one year and 46 days. 

The interval betweeir dates of successive harvests is— 

ati avt'rogo of 244 days from mother to first generation, and 
.. ,.119 „ „ first to seeond generation. 

As to yield there is an average increase of 46 finits in the first 
sucker generation and an average decrease of 44 fruits in the secortd 
generatioir. 

The following calculations show the probable profits from the 
cultivation of the, Soni variety in the Poona District. 

Cost oj enUivaiion. 

Cost, of lalxmr ;—man charged at the rate of 8 aa. per day. 


woman do. 

do. 

4 as. 

do. 

child do. 

do. 

4 as. 

do. 

hnllock do. 

do. 

4 as. 

do. 


Farmy’ard n aniire at Its. 2 per cart and poudrette at Rs. 2-4.0 per cart. 
Two cart-loads arc equal to.one ton (2,240 lb.) 

One basket is equivalent to 20 lb. 

56 such baskets make one cart-load- 
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(The Whole time of the existence of the plantation is taken as three years and six months, 
foliowini; are calculated per acre.) 

l'■X|•ENlllTt'RK. 


Ko. ! Opciations, iVo. 


1 I Two |)lonf;hinf;s crosswist' liy an iron ploiii'li ("I’., or Arlinutoii, tw(i .. | 

I pairs ami two men lor t lUi vs .. .. .. .. i 

2 ! I liskiny and harr(twiim. olio jiair ami on<‘man for t li<* \t lailo (lay .. > 

;! i Digjr'uy pits; si/.o iM' tfi' ■ iJJ'. I’ils roipiinil for an acre lo foot ! 

' apart arc IfK!. (tnoinandjys o pitr, in one day, Illl mo.'; linisli tho : 

j Work in one day . . .. .. . • .. 1 

4 SiiL-kors roipiirod an), at tlio rato of i!s. ltl|)orlO(t 

.*> I .Mamirinj; at tin- tinio of plantiii", f'. .\1. S(l lli. pi r plant (14 oarl- ; 

1 loads roipiiVodl .. •• 

(i i t'urtinj; inanuro at H. 1 ja r cart 

7 ' I’lantlup suokors ; ono man plants aliont 2o siiokors in one day 

5 I Harrow ino and loiollino after plaiilino .. .. .. 

!) : Preparation of hods and water oliannols. one man prepares aliont 111 , 

j hods of the size roipiirod per day .. 

IP , Irrigation olmru'es rwator ponorally yivon tor IP nionihs in a year ( vi opt- 
' in {4 rainy season ; IIP watorino.s in all tor one year. Irrigation : 

[ llopartnioni oliaroos ]ior aero Its. k’:;-.s.p for crop like plantain 

(<;. It. No. |■>:t7l, dated 27tli .Inne. IPI7i, for lllree and half years .. 

II ; Watermit e ha ryes ; in all IPn wMleriiiL's for the whole time of the ' 
i plantation ; one man can irriyate (aie aeie III a day .. ' 

li ; Stirriny, diyyiny and weodiny the hods once every three months. 

i 12 men can linish it in one day. Ji siieh operations .. .. . 

lit I .MtXfliiNo : th nerally imimired every si.\ months. I'oi the method 
i of inaniiriny as deserihed alane on |iaye ;iS7 the total eos| eomeslo.. 
14 I hand assessment to t ioveriiiiieiit toi | hiee years at the rate of Its. 4 per | 
' aero .. . . .. .. . . .. : 

l.'i ; Kent of land on lease for three and half years at the rate ot Its. 2P 
)ier aero .. .. . . . . . . . . 

lli I Harvesting eharyes ; jier hiineh !! |iii's. for StW hnnehes 

Total cost 


I m iiMi:. 

Yield per nere in niimher of fruits, 14P,PS4 ; .sold wholesale on the plot l,4P() l.’i P 
itself at Ks. IP per l,PP() .. 

Stihero]! like ehillies. ole., taken for the lirst si.\ inoiilhs. The net profit 
|ier aero for simli a crop eonies to.. .. .. .. oP 0 i 

SlKire suckers sold at I he rate of Hs. IP per IIK) .. .. P i 

Total ineonie .. l,.r)| 1 i;i 

! 

Dediieting cost of eiilliMition .. i 5S(! 7 

We get. a net. profit for three and half years .. | P2.7 (I ' 

So, for one year, the net jirotit for banana cult ivat ion is .. ; 2Pr> 0 



It.s. A. I’. 

H P ll 

1 ,S P 

lit S II 

2p p II 

2S P (I 

14 P II 

I P II 

I P II 

11 P I 

7S 12 ( 

.'.2 .S C 

St P ( 
I7:i IP t 

12 P t 

7P P t 
I :i P ( 

,"..sii 7 I 




SOME NOTES ON COTTON IN SIND. 


I!Y 


K. I. THADANT, RA(;„ 

Of I hr Dijuntmciil of Ai]rknllurr, Sind. 

The (“('(momic siffiiificancc of natural crossing is a matter 
oi tli(‘ first inij)ortanc(', as it iiffccts the improvement and intro¬ 
duction ol varieties and also distribution of seed. Ifence it is worth 
wliile to (\si ima1e the (‘xt<nt- to which it occurs and also to find out 
an ellicient means of ]»rotection against it. Professor Gammie, 
fi’om the failure of ('masciilated flowers ('Xjiosed to natural crossing 
to lertiiize, was hd to l>elieve tliat fndiaii cottons were normally sclf- 
lerlilizi'd, but flu' imtsf j'eliable method of obtaining accurate 
inlormalion on the subject should be based on a study of single 
plant cultures. 

Dining the course of the wiiter's selection work on the local 
cotton {(JossIIj)iurn, ii<‘(fieri/an) in Sind, he has been dealing with a 
large number of single jilant. cultiii-es for the last few years, and the 
lecoi'd of the examination of their progeny may give a clue to the 
present impiiry. I'lie local cotton in Sind is composed of four 
varieties, two with white flowers, namely, (1) Segledmn rosea and 

(2) Neglccium cakhm, and tAvo with yellow flowers, namely, 

(3) NeglecUim, vera imd (4) Seglectum malceims. It has been shown 
by Leake rmd corroborated liy hVsoii that, white colour of the petals 
in the cotton flow'er is lecessive while yelloAV is dominant. If that 
is so, the extent of natuial crossing can be determined with cer¬ 
tainty from the behaviour of the progeny of the white-flowered 
plants exposed to natural crossing; while the examination of the 
progeny of the yellow-flowered jflants will not help’much, as the 

( 393 ) , ^ 
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first generation hybrids always assume the dominant form and thus 
escape detection. 

In the year 1916-16, sixty-four white-flowered plants were 
marked in an ordinary field where all forms were growing mixed. 
Each was picked separately, sown next season in line culture and 
the progeny examined. Three cultures Were lost and the detailed 
results of the remaining sixty-one cultures may be summarized 
as under:— 


Variety 


No. of Mingle 
plant cultures 


No. of cultures 
breeding true 
to typo 


I’crceutago of 
No. of cultures plants ailectcU 
MX>litting by natural 
crossing 


Neglect am rosea 


34 


(i 


28 84 


Neglectum culchka 


27 



70 


In the year 1916-17, fifty white-flowered plants were similarly 
marked in a mixed field, separately picked and sown next season 
in fine cultures. The detailed results of the cxiunination of the 
progeny are summarized as under :— 


Variety 

No. of single 
plant cultures 

i 

No. of cultures , 
bri'wling true ‘ 
to tyjs! 

' I’ereentage of 
S’o. of cultures : plants allectctl 
splitting by natural 



crutM»ing 

Ntglectam rosea 

i 

28 

0 

22 79 

Neglectum eutchim 

22 

r, 

I 

17 77 

i 


Similarly, the selection of ninety-nine white-flowered plants 
in the year 1917-18, sown next season, gave us the following 
results;— 


Variety 

No. of single 
plant cultures 

No. of culture.s 
breeiluig true 
to tyjie 

I 

! No. of cultures 
j splitting 

1 

f'eris’iitiigt! of 
plants affected 
by natural 
crossiog 

Neglectum rosea 

49 

19 

30 

m 

Neglectum ciUehtca 

30 

14 

30 

n 
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The results of the selection of 1918-19 are as under 


Variety 

! j 

1 No.ofsinRlo No- 
! plant culture* ! 

1 ^ 1 to type 

i 

No. of cultures 
splitting 

I’erccntagc of 
plants affected 
by natural 
crossing 

Negleciutn ronen 

30 i 16 

! 

20 

55 

Neglecium cuichica 

\ 10 1 ‘ 5 

5 

50 


The results show that vicinism causes from 50 to 84 per cent, 
of tlie plants to become afiectcd by natural cross-fertilization. 
The ])ercentagc would be still higher if we were to take into con¬ 
sideration feitilization between sister plants which remain un¬ 
detected. It has l)een further found that one plant bears on an 
average twt'nty floAVers mid that the affected plant gets on an 
average two of its flowers naturally crossed. At that rate the 
percentage* of natural cross-fertilization would amount to from 
5 to 8'5 }K‘r cent. 

Since natural crossing is minuall}' occurring mid is a jieima- 
nent source of trouble', e emfiisiem, and e'lror, any practical means 
of pieete'ctiem agiiinst it weeuld be simply invaluable not only fioni 
ee'oneunic consideratieiiis, but alsei in solving geiietie' preebkms. 
In all line cultures, specially in 3Icnelelian weuk, ceeve'iing of the 
plants e»r the lleewers is mi absolute necessity. Se'veral devices are 
resorteel te>, such as paper ceivcrs, muslin bags, nets, rings, sutures, 
etc. Whatever the device, the labour invedved is considerable 
and thei'ee is alwiivs a. e'e rtain pe-rcentage eil lleiwe-rs that do not 
set. Further, Mr. Leake feiund that the effect of contiinu d covering 
leads to sterility. Apart from this, the application of these devices 
is limited to small cultures, being of no avail for cultivation on a 
field scale where roguing and insolation are the only means of 
protection. 

During the course of the writer’s observations on the cotton 
flower he chanced upon a flower whicii was marked (mnong several 
others) at 10 o’clock in the morning, when it was a full bud, for 
the purpose of recording the exact time when it would open. After 
two hours the bud was very much swollen but the tip was 
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completely sealed, mamtaining the shape of the bud, while other 
flowers had opened their ])etals wide apart. The particular flower 
was kept under observation, over}' hoiir until evening, but the 
petals never opened; the bud began to shrivel from 2 o'clock, showing 
that fertilization had taken place inside. Observations Avere 
continued till the next day, but the petals did not open as 
was expected from the shrivelled a])]K'araiice of the closed 2 )etals 
on the juoA'ious day. Tt was then j)ro])erly marked and labelled 
for collection of .seed. When the boll was foiuied a small bag was 
put on le.st cotton .should drop on the giomul when the boll bui'.st. 
The .same evening Avhile ram])ling in his cotton ])lots tlie writer 
found some fertilized flowers Avith closed ])etals as distinct from 
tho.se that had opened as u.snal. The circiim.stances led to the 
search of some more cleistogamic lloAvers and the Avritei- was able 
to find about a dozen a»id a half on AA'hich obseivations Avere taken 
during the fidl conr.se of a day. It may be furl her remarked that 
the plants on AA'hich deist(tgamic floAvers AA'ere di.scoA'cretl had 
mo.stly opened all the floACens excejit the one closed lloAver that 
Avas found. The case is analogous to that of Xihson who dis¬ 
covered that in pure lines of oats oeeasi(»naI grains aj)])ear that 
are aberrant either in colour or moiphological characters. The 
variations te.sted by him eithei- bred true at once, or after one or 
two generations piactically all of the ju'ogc'iiy bred true to the 
character. 

Noav it remains to be seen if this charactej' is heredita]}' or 
if it can be fixed. The A'ery existence of cleistogamic floAA'er sug¬ 
gests that a race could lx*, bred in AA'hich the floAvers AVouhl admit 
no crossing. In conclusion, the AATiter is jcminded of a passage 
from Balls Avho, wdiilc de.scribing the various means of jnotection 
against natural crossing, says;— 

“ Another obvious ]>ossibilit.y is the di.scovery or manu¬ 
facture of a cleistogamic flower AA'hich shall absolutely 
refuse to admit foreign pollen to its style. At one 
stage of these researches the author seemed to be well 
on the road to success in this direction and the story 
of ultimate failure is not without suggestiveness.” 



some notes on cotton in SIND ^9? 

Failing to find anywhere a hint of the existence of uncrossable 
cotton flowers, Balls was led to experiment on a short style flower 
in which the opportunity of foreign pollen to reach the style was 
small, and came to the conclusion that the accessibility of the style 
was a minoi' factor in natuj'ii.1 ciossing under the conditions of our 
breeding ])lot. 



STUDIES IN BIOCHEMICAL DECOMPOSITION 
OF COW-DUNG AND UKINE IN SOIL* 


liV 


N. V. JOSHI, B.A., M.Sc., L. Aa.. 

Offg. Assistant Agricultural Bacteriologist, Pusa. 

In a previous paper on nitrification of green manures, read at 
the last Science Congress, by the wTih'r, it rvas showar that certain 
plant tissues, e.g., stems and roots, hiil to nitrify in soil, even 
under optimum coiiditions of temperature ai\d moisture, and also 
as a result of further experiments it was suggested that “the 
failure to rritrify, so far as ascertained, does not depei\d on the 
rrature of the nitrogenous materials. It is probably due to nitrate 
reduction occurring in the presence of grrat quantities of non- 
nitrogenous materials, such as cellulose arrd woody tissue.” In 
order to fir'.d out whether and, if so, how far this explaruition is 
applicable irr the case of other orgarric nitrogmrous nuiterials, exjx'fi- 
ments with a number of different manures like oil-cakes, cattle-dung 
and urine, and sheep-fold manure, etc., were initiated, but as it 
would unduly lerrgthen the paper if we were to deal with all the 
substances examirred at one time, it is proposed here chiefly to deal 
with the trials made separately with cattle dung and urirre only. 
These two materials are of the greatest impoi'tarrce to the agri¬ 
culturist, especially in India, as they form principally the only 
sources of manure to the small cultivator irr this country where 
practically no artificial manures or oil-cakes are employed in the 
usual farrrr practice, except by planters or rich cultivators. It will 
perhaps be asked at the outset why experiments with farmyard 
manure direct were not so far carTied out, since farmyard manuit} 


• Paper read at the Seventh Indian Science Cungreae, Nagpur, 1820. 
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is the most commonly used manure all over the world, and both 
the materials experimented with, viz., cattle-dung and urine, are 
associated together in the farmyard manure as its chief constituents. 
It may be pointed out, however, in reply that the work on farmyard 
manure is complicated by the fact that this manure undergoes 
several chemical and bacterial changes during storage and further 
the quantities of dung and urine which arc added in different places 
while making up the farmyard manure are subject to such a wide 
variation that no useful purpose would have been served by taking 
up the study of farmyard manure at ‘once ; especially as it was 
considered that more useful infonmtion could be obtained by 
studying, in the first iiistance, the decomposition of the two mate¬ 
rials—dung and urine--separately, either before or after fermenta¬ 
tion. Besides, the study of the decornpositioir of these substances 
separately was more suited to our purpose as the difference in the 
chemical composition of these substances is already knome. The 
urine of aieiuuils contains nearly all the potash and a good deal of 
nitrogen with only a very small amount of phospliate, while the 
non-nitrogenous material present is veiy much smaller as compared 
with dung which conhiins a pre)portionate]y larger amount of non- 
nitrogenous mateiials. The amount of phosphate voided with the 
dung is also comparatively larger. Moreover, the urine contains 
the plant foods not in solid form as in the case of the dui\g, but in 
solution. It was therefore proposed to see in the first instance 
which of these two substances in a fresh condition, i.e., before 
fermenhit ion, is more easily nitrified, as the kiuiwledgc whether any 
particuhir oiganic substance would readily decompose in a soil so 
as to be immediately available to the crop is likely to be very useful 
to the agriculturist. 

The study of the decomposition of these substances after they 
were separately stored and had undergone fermentation was also 
further ttikcn up as it was considered to be of practical value fi-om 
the poiiit of view of conservation of farmj'ard manure. Owing to 
fermentation and drainage, the loss from the manure kept in the 
ordinary way is a very serious item, and the problem of conser¬ 
vation. of farmyard manure vft>uld be much simplified if it were 
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known which ot fliese substances is responsible for the serious 
losses known to occur during storage of this manure; Although, it is 
doubtful whether such a study will confer immediate benefits or solve 
the problem at once, the writer was led to undertake the investi¬ 
gation in the hope of getting some useful data. The results so 
obtained form the subject matter of the present piper and are 
presented here with a view to elicit useful criticism. 

While studying the nitrification of cattle-dung and urine, it 
was the writer’s origiiml intention to study and compile the de¬ 
composition of sheep dung and urine, but it was not possible to 
arrange to get these sejiarately. Only sheep-fold manure (i.c., a 
mixture of dung and urine) was available. Trials with this are 
included here just to indicate what kind of results can be exjiected 
with the mi.xture of dung and urine obtained. 

('ow-dung and urine and sheep fold manure were brought to the 
laboratory in fresh condition and were immediately analysed for 
their moistuie and nitrogen content. These being determined, 
they were then .seiiaiately added to each kilo of aii-dry Pusa soil 
at the rate of 30 mgm. of organic nitrogen jier 100 gnu. of diy soil 
(equivalent to 750 lb. of N per nine inch acre), water was added so as 
to miike up the moisture content of the soil up to 10 ])er cent., allow¬ 
ance being made for the water aheady contained in the manures. 
The manures were then thoroughly mixed with the hand and each 
lot filled in separate glass bottles covered and ke])t at 30° ('. in the 
incubator. It would be useful here to mention that the quantities of 
nitrogen and moisture stated above luid been found to be optimum 
for the Pusa soil for nitrification and wei-e therefore adopted in 
these experiments. 

Samples for analysis were taken after thoroughly mixing the 
soil, to determine quantitatively the amount of ammonia, nitrite and 
nitrate formed at the end of each week for the first four weeks, after 
which time determmations were made at an interval of two weeks. 

The methods of analysis were the same as those employed on 
the previous occasion.^ 


* Joshi, N. V. Affric. Journ. of India. SjMoial flidian Science Congress No., 1010, p. 400. 
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In Chart I, the amounts of nitrates formed by the decom¬ 
position of cow-dung, urine and sheep-fold manure, as found by 
analysis, are plotted in the form of curves. It is clear that cow-dung 
does not show any nitrate formation. Urine shows the greatest 
amount of nitrates, while sheep-fold manure, which is a mixture 
of dung and urine, stands between the two. In the opinion 
of the present vTiter these results confirm the previous contention 
that the ab.sence of nitrate accumulation (as in the case of cow-dung 
and sheep-f(»ld manure) is due to the nitrate reduction occurring 
in the presence of great quantities of non.-nitrogenous materials 
such as cellulose, since the nitrates are found to vary inversely 
as the amount of non-nitrogenous material. Cow-dung, which 
contains the greatest amoui\t of non-nitrogenous material asso¬ 
ciated with the nitrogenous one, shows the least amount of nitrates ; 
urine, which has the least amount of non-nitrogenous material 
associated with the nitrogenous one, has given rise to the gi'catest 
amount of nitrate; while sheep-fold manure is intermediate between 
the two, both as regards its i\on-nitrogenous content and the 
amoujtt of nitrates found. 

Since farmyard manure (insists mainly of dung and urine 
which have undeigone some changes, aerobic as well as anaerobic, 
in heaps oi- nuinure pits, it was proposed to sec what effect the 
storage has on the decomposition of each of these materials singly 
with special refeience to nitiate fonuation. For this purpose the 
nuiterials left over after use iii the first experiment and kept in 
open jars with clock glass covers AVere used. Fresh determiimtions 
of nitrogen and moisture content were made and the materials were 
then separately added to soil on the same basis—30 mgm. N 
per 100 grn . of soil as before. Chart 11 gives the results shoAving 
that while tirine has retained its place as ngards high nitrifi- 
ability, coAv-dung and sheep-fold man.ure haA’e exchanged places ; 
cow-dung, after storage, is superior to sheep-dung, and further 
a greater amount of nitrogen has been transformed into nitrates 
both in the case of the stored cow-dung and sheep-fold manure 
than the amounts so transformed from these substances in fresh 
condition. 
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The results of one experiment were, however, considered 
cient proof, because it was realized that the composition of cow dung' 
is not uniform in all seasons and might also vaiy with the foc^ given. 
Another experiment was therefore amnged on the same lines as 
before about four months after the first, and this time the 
addition of straw (which usually finds its way into the manure heap) 
Was introduced as a variation, so that each of the materials used 
was tried, with and without straw, there being thus six bottles 
instead of three as in the previous two experiments. The straw 
added amounted to only 0 5 to 0 6 per cent, of the quantity of dung 
employed, although the amoui^t of straw heaped together wth 
cow-dung in the manure pit was estimated to be about 20 per cent, 
of the quantity of dung. This estimate is confirmed by the figures, 
kindly supplied by I)r. Mann, of one particular exjw'riment lastii^g 
for one week made at the Poona Agiicultural College Farm. 

The figures are as follows :— 

Cow-;lung .. .. .. .3 886 ll». 

Str.iw .. .. .. 862 II), 

whieh show tliat the straw is about 22’2 ])er cent, of the cow-dung. 

The smaller quantity of straw was employed because in some 
other exjxiriments it had been found suflicieixt to show its effects 
on the course of nitrification. 

Chart III illustrates the results. It will be seen tliat they 
are of the same type as those obtained in the two previous expi'ri- 
ments, and further tliat the addition of straw had the effect of 
lowering the amount of nitrate found in each case. 

In order to sec the effect of storage as in the previous case, 
cow-dung, urine and sheep-fold manure which had remained after 
use in the third experiment were divided each into two equal lota 
and each lot was stored in a separate jar. The jars were then 
divided into two sets. Jars in one set comprising one lot of each of 
these substances were covered with ground glass plates, which 
were then made airtight on the edges of the jar by nibber lute 
with a view to exclude the outside air, thus securing the storage of 
the materials under anaerobic conditions as far as possible. In the 
othW set l^e jars had only^paper covers and thus had access to 
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outside air; this^et is therefore called “aerobic.” No attempt 

*vms, however, made to pass the current of air over the materials 

*in the aerobic set. Both these sets of jars were left at laboratory 

temperatures varying between 28° C. to 30° C. After a few months’ 
^ • 

storage xmder these conditions, the materials as fermented were 
taken out, their moisture and nitrogen content determined and then 
lihey were, separately incorporated in the soil. The variation 
introduced by the addition of straw was retained in both cases. 
Other conditions of the experiment were also the same as before. 
The results are shown in two separate charts. Nos. IV and V. The 
aerobically fermented materials have practically given the same 
results as in the previous case, except that the sheep-fold manure 
gives slighlly more nitrates than the cow-dung. In the case of the 
anaerobically fermented ones it will be seen that although urine 
retains its high place as regards its nitrifiability, the anaerobically 
fermented sheep-fold manure and the anaerobically fermented 
cow-dung have changed places. The straw has shown its effect, 
viz., that of lowering the amounts of nitrates, in every case. Com¬ 
paring the resxilts of the two sets it may be observed tliat although 
there is very little difference between the amounts of nitrate formed 
from the cow-dung fermented aerobically or anaerobically, still there 
is a good deal of difference Ixetween the two lots of sheep-fold manure. 
This is illustrated in a separate chart (No. VI) comparing the two, 
from which it will be seen that the anaerobically fermented sheep- 
fold manure is inferior to the aerobically fermented one. As such 
difference is not noticeable in the case of cow-dung or urine when 
eadi of them is stored separately, but noticeable only in the case of 
sheep-fold manure, it is natural to enquire whether this inferiority 
with reference to nitrifiability of the anaerobically fermented sheep- 
fold manure is not due to the fact that it is a mixture of dujig and 
urine; and whether separate storage of dung and urine of cattle 
would not be more advantageous than the addition of the urine 
into the manure pit ? The question is well worth further study 
not only from the point of view of nitrifiability of material but 
also from another point of view, viz., the loss of nitrogen during 
storage, as it was incidentally noticed that under anaerobic 
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conditions of storage there was no loss of nitrogen from urine, that 
from cow-dung only slight, but sheep-fold manure under anaerobic 
conditions lost more nitrogen than either. 

Under aerobic conditions there was loss in all cases, but as the 
figures for loss in moisture under these conditions w*ere not accurately 
determined beforehand, no opinioix can be expressed as to the 
rektivo loss of nitrogen from each of the nwterials. This question 
of loss of nitrogen during storage is being further investigated to 
obtain more accurate information. 

It miist have occurred to many that tlie experiments carried 
out so far are open to one serious criticism, viz., the ex(‘essive 
amounts of materials used in the experiments. These are n.o doubt 
higher than the amounts nornuilly employed in the field. But these 
quantities were taken with due regard to the amount of j\itrogen 
w'hich had previously been found siiitahle for nitrification experi¬ 
ments w'ith Pusa soil and to the fact that the concentration of 
nitrogen should be such as to enab](‘ one to detect even snuill 
differences in what may be termed the nitrifiability of nmterials. 
In order, however, to leave no room for criticism of such a kind, 
and also on account of the very wide differences in nitrifiability 
of materials compared (as already noticed inthe.se trials), a fresh 
experiment w-as arranged in w'hich the quantities employed 
approximated to w'hat may be called luavy nmnuring such as 
is given to garden croj)a or othci- soil-exhausting cnqjs lik(‘ 
tobacco. The quantity of manure employed was calculated on 
the basis of 50 cart-loads, i.e., about 25 tom of farmyaid manure 
per acre. For ordinary crops 25 cart-loads are considered sufficient 
for Pusa soil. These quantities were found to supply 15 mgm. of 
N per 100 grm. of soil instead of 30 mgm. as before. The 
addition of straw was retained as a variation. 8heep-fold manure 
was not avaikble at the time. Soil alone and soil plus straw were 
introduced as controls. 

In addition to nitrification experiments, CO^ production experi¬ 
ments were carried out. The COj produced in soil by each of these 
treatments was measured every day in order to see whether there 
is any relation between the process of nitrifi.cation, as represented by 



Mgms.N.perIOOgms.Soh. Mgms N.per IOOgms.Sou. 


CHARTS VI & VII, 
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the amount of nitrates which are the final product of the nitrogen 
changes, and the process of CO 2 production, which latter be 
said to measure the general biological activity of the soil. 

Furthermore, soils receiving the different treatments were 
plated out and bacterial counts made to see whether the number of 
bacteria and the amount of (! 0 j produced coidd be correlated. 

It was considered advisable to determine also the total nitrogen 
along with ammonia, nitrites, nitrates, etc. Besides, samples of 
soil were taken from e.ach nitrification jar for determining the 
moisture content, loss on ignition and humus every w'eek. 

Oharts VII, VIII and IX and Table I show the results which 
may, in general, be set down as foUow^s. 

The nitrate curves (Chart VII) fully confirm the results 
obtained in the previous twn cases ; fresh cow-dung shows practically 
no nitrate fornuition, while urine show's the highest. The addition 
of straw, as in the previous experiments, lowrers the amount of 
nitrates. 

The CO., production (Chart VIII) shows practically an 
inverse order as regards cow-dung and urine, cow-dun.g giving a 
much higher amount than urine. As regards the effect of addition 
of straw on (' 0 ,. pn>duction, it may be observed that increased 
amounts of CO^ are produced w'here straw' is added as in the case of 
the control plus straw and urine plus straw' as compared to the 
correspmding lots w'ithout straw. In the case of cow'-dung, how'ever, 
no such marked difference is observable, w'hich may be explained 
by the fact tliat cow-dung itself contains a large quantity of un¬ 
digested cellulose material; a further snmll addition in the shape of 
straw does not therefore affect the results to any great extent. 
The fact that nitrate curves and CO 3 curves are in the inverse order, 
and further that the addition of straw while lowering the amounts 
of nitrates leads to increased production of COj needs to be empha- 
• sized. Previous writers have, on account of the similarity of curves 
for nitrate content and CO.^ production, tried to justify the view 
that the two processes are related to each other. It will appear as s 
result of our experiments, however, that these two processes an 
not necessarily ccaaelated. 
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Chart IX illustrates the curves for bacterial numbers. A com¬ 
parison of this chart with the previous one of COj production shows 
a close similarity between the two sets of curves, which leads to the 
inference that the CO. production is directly related to the bacterial 
numbers. 

Figures for total nitrogen are given in the accompanying table. 

Table I. 


Milligrams of total Nitrogen per 100 grm . of soil. 


Treatment 

Original 

1 

1st week i 

i 

j 

2nd W(*ck i 

1 

4tli week 

(ith week 

8th week 

Soil control 

i 

57-4 

57*4 1 

1 

57-4 i 

57-4 

oiiO 


Soil-fstraw 

fiO-2 

(jO-2 j 

00-2 j 

(i()-2 

01 0 

01-0 

Soil+cow-dung 

75-2 

79-8 ' 

79-8 

Ml-2 

81-2 

HI *2 

I 

Soil+cow-dung -t- st mw 

78*0 

1 

82-0 1 

81-2 1 

82-(i 

88'2 

80-8 

Soil-f urine 

72-4 

70-0 ’ 

1 

7()-() ! 

(!8T, 

72-8 

71-4 

Soil-(-urinestraw 

75-2 

79-8 1 

79-8 i 

1 

79-8 

S2-(! 

79-8 


It is interesting to note that the figures for total nitrogen deter¬ 
mined weekly are higher in those cases where there is less nitri¬ 
fication {e.g., in all those cases where straw has been added), 
and in order to account for this fact, it requires to Ije investigated 
whether there is any loss of nitrogen during nitrification or whether 
there is greater nitrogen fixation with the cellulose materials. 
A third alternative possibility, which lias to be considered, is 
that the method for estimation of total nitrogen (which is 
meant and supposed to include nitrates) may be at fault. It is 
necessary, therefore, to examine critically whether any loss of 
nitrogen occurs during digestion, when nitrates in unusually greater 
quantities are present. 

It may be mentioned that in the method used for determining 
the total nitrogen in the soil, copper sulphate was used instead of 
mercuric oxide, as this was recommended by Scott^, and also because 
it was found that the use of the latter consistently gave lower 


1 Seotl. Standard Melhoda of Ohemiedl Analjftit, Second Ed., p. 29S. 
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Puai soil. Whether this result is dvte to impurities in mercr^c 
oxide remains to be seen. 

The only other feature of interest in the rest of the analytical 
results is that about 50 per cent, of the total humus is found to be 
free, the rest is combined with hme. 

By way of anticipating criticism it might be observed that 
while the biological decomposition of organic matter is generally 
recognized to be of fundamental importance to soil fertility, it is 
nevertheless questioned by many whether a study, even under 
field conditions, of t’le processes leading to the decomposition of 
organic matter, and the assimilation of the resulting products by 
the plant, is of any real value. According to this line of argument, 
still less importance attaches to analytical figures obtained in the 
laboratory of nitrate nitrogen and produced. In reply to this 
it must be said at once that laboratory results are not at all intended 
to be put forward as directly applicable to field conditions. There is 
an essential difference between laboratory and field observations, 
but each lias got its own value. Whereas the field observations 
record the combined result of many factors, the effect of 
each of which it is not possible to distinguish in the field at once, 
the investigations in the laboratory give the results of each of the 
factors singly under rigidly controlled conditions, all factors except 
the one under investigation being kept constant. Attention might 
be called, for instonce, to the observed differences in nitrification 
of the different tissues of green manures already described in a 
previous paper^ and the differences in tjie decomposition of cow-dung 
and urine described in this paper. It would have been hardly 
possible to distinguish accurately between these differences in the 
field and, even if observed, most likely they would have been mixed 
up with some other factor like rainfall. 

It may l)e further mentioned that the value of these laboratoty 
obseiwations on differences in nitrification, described in this paper, 
lies also in enabling us to distinguish between the separate effects 

* Joshi, N. V. Afri. Jovrl. of India. Special Indian Science Congresa No., 1919, pfi, 
390-413. 
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of the two factors which are involved in manuring with organic 
nitrogenous fertilizers, viz., the formation of nitrates, and the im¬ 
provement in physical texture, each of which must affect to a certain 
extent the crop-producing power of the soil. 

In order to discover how far the analytical results of nitrifi¬ 
cation tests are related to the crop-producing power, pot experiments 
with leguminous and non-leguminous crops are being carried out 
with dung and with urine added to the soil in the same proportion 
as that employed in the last experiments. These experiments are 
intended to elucidate how far crop production is influenced by 
variation in nitrification, and also to see what effect physical im¬ 
provement alone, without any nitrates, has on the crop-producing 
power of a soil. 

The results of the experiments detailed in this paper may now 
be summarized as follows :— 

The opinion expressed in a previous paper that non-nitrogenous 
materials, like cellulose, lower the amounts of nitrates formed from 
the organic manures in which they are present in a fairly large pro¬ 
portion is confirmed by experiments with cow-dung, sheep-fold 
manure and urine. 

Urine gives the greatest amount of nitrates, whether ii\ fresh 
condition or when fermented under aerobic or anaerobic conditions, 
and so it can be used immediately or after keeping. Urine, if 
kept exposed to air, loses some of its nitrogen.' It is therefore 
advisable to store it in such a way as not to be • accessible to 
air. 

Cow-dung does not nitrify in fresh condition. It, however, 
improves by storage and becomes nitrifiable after storage under 
both aerobic and armerobic conditions. The relative losses under 
each of these conditions require to be more accurately determined 
before finally deciding which of these conditions is better so far as 
nitrifiability is concerned. 

Results with sheep-dung indicate that mixture of dung and 
urine in the manure pit is not desirable from the point of view of 
nitrate formation, and also on account of the possibility of greater 
losses of nitrogen from such a mixture under partly anaerobic 
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conditions which are likely to prevail in the pit or even in a compact 
heap. 

The two processes of nitrification and of COj production, 
though sometimes found to correspond with each other, do not seem 
to be necessarily correlated. Nothing definite can be said as yet 
as to the relation of crop production to nitrification. It is hoped 
that the experiments now in progress will clear up this point. 



COMPARISON OP SALT LANDS IN THK DECCAN 

AND IN SIND * 

BY 

W 

V. A. TAMHANE, M.So., L.Ag., 

OJ the Bombay Agricultural Department. 

Origin op salt lands in Sind and in the Deccan. 

The origin of salt lands in Northern India, such as that in the 
alluvial tract of Sind, and in the South Deccaii, which is a trap 
area, is widely different. In the one, the soils, which are trans¬ 
ported, show in vertical sections that the layers of alluvial deposit 
often vary greatly. It is not unusual to find in such sections 
layers of pure sand alternating with those of pure clay. The 
layers themselves usually differ very much in their thickness. All 
this indicates tliat the nature of soils in such alluvial tracts can 
scarcely be uniform, with the result that the development of salts 
is also very irregular and even a small piece of land measuring 
a few gunthas (40 gunihas = acre) is often seen studded with 
patches of alkali salts whereas the rest of the field has normally 
good land. In places like those of Sind where the rainfall is almost 
negligible and where the sub-soil water table is much more than 
ten feet Ijelow ground level, the development of salt is neither 
due to water-logging, nor due to the sub-soil water table being 
within the range of capillary power of the soils, which is generally 
found not to exert a pull of more than four feet on the sub-soil 
water. 

Inundation flood, which is the chief source of irrigation at 
present in the northern parts of Sind, supplies water for cultivation 


* Paper read at the Seventh Indian Science Gungreus, Nagpur, 1920. 

. ( 410 ) 
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during the months of June to September. After that severe 
extremes of weather follow. Excessive cold in winter and scorching 
heat in the hot season help a great deal in the disintegration of 
soil particles through which water moves in the downward direction 
during inundation season and in upward direction for the remaining 
eight months of the year. It is this downward and upward move¬ 
ment of water in the upper few feet of the soils which is responsible 
for the formation and deposition of salts in the alluvial tract of 
Sind. 

In the Deccan the soils are mostly formed in situ by the dis¬ 
integration of trap rock, and in vertical sections of soils aU the 
stages of disintegration of the rock can be seen : such as the soil, 
murum or half disintegrated trap rock forming the sub-soil, and 
below it haid rock unaffected by the natural agencies of weathering. 
It is on this accoun.t that the soils in the Deccan are not so variable 
in their natuie as the soils in Sind and the patchy nature of salt- 
affcct('d land is not so common (though not altogether absent) 
as it is in the north of Sind. 

The origin of salt lands in the Deccan is to be found in the 
general rise of sub-soil water table which has risen so high after 
the introduction of perennial canals as to be within five feet from 
the surface of the land and oftentimes even less than this. In 
such cases the sub-soil water constantly rises to the surface by 
capillarity, and evaporating there, leaves the dissolved salts behind. 
The lands in the Deccan are, moreover, not so level as those in Sind, 
so that the soils on lower level are more affected by seepage and 
water-logging than those on higher level. 

Nature op alkali salts in the Deccan and in Sind. 

In the Deccan alkali salts arc mostly formed by the disintegra¬ 
tion and decomposition of trap rock, which is known to be one 
of the hardest of the common rocks. It is, however, found to yield 
comparatively easily to the natural agencies of weathering, being 
at one time covered under the water of the fiowmg river or canal, 
etc., and at other time being exposed to the heat of the sun. Prob¬ 
ably the soluble salts in the river and canal water also help the 
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process of weathering. The trap rock being thus the origin of 
salts, it is interesting to know the nature of salts found to form 
from it during the process of decomposition. 

The following teble shows the nature of the river and canal 
water which always comes in direct contact with the trap 
rock 



Karha river 

Nira Canal 


water at 

water at 


Jejuri. 

I'inipra. 


I’arts per 

I’arts per 


itw.ooo 

100,000 

Calcium carbonate .. .. 

(i-OO 

8-(K) 

Magnesium carbonate 

8-()0 


Sodium carbonate .. 

.'iMMJ 

l-OO 

.Sodium bi carbonate 

4'00 

. • . • 

Calcium sulphate 


.o-(K» 

Magnesium sulphate 


4(8» 

Sodium sulphate 

4-(H) 


Sodium and potassium chloride 

1:100 

ti-lK) 


40-00 

21-(K) 


The trap rock, which under the influence of .such w'at<*r dis¬ 
integrates and decomposes, was found to libcjate the following 
s ilts in the proportion given below 


.Slightly dis-' 

Mueh disin. 

integrated 

tegrated 

1 trap rock 

trap rock 



0/ 



/o 

/o 

Total soluble salts 

113 

1-15 

Composition of salts :— 



Calcium carbonate .. 

18-50 

2-00 

Magnesium carbonate 


I -.10 

Calcium sulphate 

10-20 

, , 

Magnesium sulplmte 

i2-;io 

1-30 

Sodium sulphate 

28-50 

12.50 

Sodium chloride 

2300 

82-50 


This shows that sodium sulpliate and sodium chloride pre¬ 
dominate over all the other salts when trap rock is undergoing 
decomposition. 
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It is interesting to compare with these analyses the figures of 
analyses of salts found in the scrapings from barren salt land near 
Baramati in the Nira Valley 





Scraj>ing I 

Scraping ll 




0/ 

/o 

% 

Total salts in dry sou 

•• 

•• 

9-7<» 

■iim 

CoMfOSlTION OF SALTS :— 





Calcium carbonate .. 



5-40 

0-20 

Calcium sulphate 



3-4() 

0'40 

Magnesium sulijhate 



2:»o 

0-30 

Sodium Nuli)liatc 



•lK-70 

OS-00 

Sodium chloride 



40 00 

1-20 


These figures also show the })repoi\dcrance of sodium sulphate 
and sodium chloride in the composition of alkali salts found in 
barren salt kinds of the valley. 

The following are some of the typical analyses of soluble salts 
from particular spots w^hich show' the gradation fjom fertile to 
barren land commonly found near Malad in Baramati:— 



KkKTU.K SCOT 

SroT WITH I’oou fiior 

Bauufn 

LAND 

t 

Surfacir-O* 

3'-0' 

Surfacc-O' 

3'-0' j Surface-3" 

3’-0' 


o/ 

o/ 

0/ 

<» • 

4) 





/O 

U 

/O 

/O 

Total salts in dry soil 

0-30 

022 

0-58 

0-80 

3-80 

1-00 

CoMfOSITIOS OF 







SALTS 







Calcilint carbonate .. 

3 00 

12-00 

2-40 

2-00 

0-20 

2-40 

Magnesium oarhnnato 

, , 

f.00 

. . 




Sodium oarhoiiato .. 

4 10 

8-00 

1 (it) 

7-00 

2-00 

1-io 

Calcium sulphate .. 

20 00 

, , 

37-30 

8-20 

28-00 

12.50 

ALigm'sium sulphate. 

010 

4-20 

p2«-50 


. . 

8-90 

Sodium sulphate 

. . 

4or.o 

. , 

22-00 


8-50 

Calcium oliloridc 

, , 

, , 



10-20 


Magnesium chloride 



7-80 


13-40 


Sodium olilorido 

li2-20 

10 00 

1 

1 24-20 

50-40 

•t 

41-00 

00-50 


In the majority of the alluvial tracts of Bind, the alkali salts 
are not naturally derived from any particular rock as the alluvium 
deposited there is of a varied character, being a mixture of 
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disintegrated particles of various rocks existing on • tke top 
of the Hinaalayas and down in the flats of the Punjab. There 
is therefore no particular rock whose decomposition products 
can be compared with those of the trap rock of the Deccan, 
the alkali salts in Sind being deconiposition products of the 
alluvium itself. 

The waters of the Indus and its canals which come in direct 
contact with the alluvial deposits gave the following aixalyses when 
the waters were collected during dry season 



Indus water 
near Sukkur 

Water from 
the Hiral 
Canal 




Parts jK‘r 100,000. 

Total soluble salts .. 

. • 


30-(K) 

23-00 

COSTAININO :— 





(.'aleium carbonate .. 



"rol 

(1-24 

Magnesium carbonaU’ 





Calcium sulphate 



isia 

1 -.-.(i 

Magnesium sulphate 




t!-H:5 

Calcium chlorifie 



1 -o:! 


Magnesium chloride 




3-20 

Sodium chloride 



1-10 

1-7K 


The following are some of the typical ai\alysos of alluvial 
deposits which are not yet injured by the accumulation of harmful 
salts 



Co(x] land 
under cotton. 
vSoil 

surfacc-O" 

Good garden 
laud. 

Soil 

surfacc-(i" 

Good land 
under wheat. 
Soil 

Burface-O' 


0/ 


o/ 


/(> 

/o 

/o 

Total soluble salts 

0-13 

0-21 

0-30 

CONTATNING •— 




Calcium carbonate 

o-or, 

o-or, 

0-07 

Sodium carbonate 


0-02 

0-02 

Calcium gulphatc 


0-01 

002 

Magnesium sulphate 

0-01 

♦ . 

0-03 

Calcium chloride 

, . 

002 

, , 

Magnesium chloride 

0-05 

0-04 

0-01 

Sodium chloride 

• * 

• • 

O-Oti 
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ScrajHngs from barren lands of different typfes which could 
be clearly distinguished by the presence of white and black 
* kalar gave the following composition 



1. 

White kalar 
at Sarhari 

II. 

Black kalar 
at Sukkur 

Ill. 

Black kalar 
at Nawabshah 


O/ 

/o 

/O 

o/ 

/o 

Total salts in dry soil 

24 (K) 

20-24 

7-80 

Composition of salts :— 




Calcium carbonate 

013 

0-19 

0-39 

Sodium carbonate 

O'O.') 


0-13 

Calcium sulpliato 

; 5*73 

14-i5 

9-78 

Magnesium sulpliatc 

1 113 

. . 

• 

Sodium sulphate 

912 


. 

Calcium chloride 

' . . 

10-00 

1 22-46 

Mapnesium chloride 

I 

14-21 

1 21-14 

•Sodium chloride 

I 83-84 

00-79 

! 40-10 . 1 


It is clear from these figures that chlorides form more than 
80 per cent, of the total salts of which sodium chloride is more 
thair 45 per cent. Sulphates are present from 9 to 14 per cent, 
of the total salts, and in the white kular sodium sulphate is present 
to the extent of 9 per cent, of the whole quantity of the salts. 
Sodium carbonate forms only a iregligible quantity of the total 
salts which shows that the kalar of Sind is not of a very bad 
type. 

A very remarkable thing that comes out of these analyses is 
the fact that sodium carbonate is not a necessary constituent of 
black kalar. It is usually supposed that sodiunr carbonate has a 
caustic action on the orgarric matter of the soil w'hich gives a black 
appearairce to the surface soil and hence the name black kalar 
to sodium carbonate, so that black kahr means sodium carbonate. 
From the above figures, how'ever, it will be seen that No. II does 
not contairr any sodium carbonate at all and No. Ill contains only 
a very small quantity, and yet the appearance of the surface soil 
at both these places is sufficiently dark to distinguish the spots 
as affected by black kalar. The only salts in No. II and No. Ill 


* Kalar, Lona, Vsar, Keh arc synonymous terms used in different })art8 oi India to mean salt 
effloresoonoe on the laud. 
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to which the dark appearance of the soil may be due are calcium 
chloride and magnesium chloride. Of these, the former is known 
to have corrosive action on organic matter.^ The black htlar on 
Sind soils, therefore, does not contain any appreciable quantity of 
sodium carbonate but contains a fairly large quantity of calcium 
chloride and magnesium chloride which are not injurious to plants 
hke sodium carbonate or sodium sulphate. 

On comparing the different types of hahr in Sind with those 
of Iona in the Deccan it will be at once clear that the salt 
efflorescence in the Deccan contains comparatively a very large 
proportion of sodium sulphate, whereas in Sind sodium chloride 
predominates over all the other salts. 

Resistance of crops towards salts. 

In the Deccan the ordinary black soil does not usually contain 
more than 0‘1 per cent, of soluble salts, but this does not necessarily 
mark the limit of salts up to which crops can be grown. Several 
crops have been found to resist the effect of salts much beyond 
this quantity, and the following are some of the analyses which 
indicate the hmit of tolerance shown by some of the ordinary 
crops. 



Sugarcane. 

Choirli (^’igna 

H'wl (Dobclutti 

Cram (C'iccr 


Soil 

catjang). .Soil 

la bl^b). Soil 

urictiniim). 


surfacc-O' 

8011800-4' 

surloce-4' 

.Soil surfacc-4‘' 




o/ 

<>/ 

/o 


/O 

/o 

/o 

Total saltii in dry Kuil 

0-00 

0-40 

0-42 

0-42 

Composition of salts:— 





Calcium carbonate 

6-80 

12-02 

, 4-76 

6-24 

Sodium carbonate 


0-97 , 

6-00 

1-19 

('alcium sulphate 

4300 

33-00 

3-33 t 

30-70 

Magnesium sulphate 

100 

28-05 

9-63 

16-24 

Sodium suljihate 

25-00 

8-74 

57-86 , 

20-49 

Sodium chloride 

23-30 

10-02 

19-62 1 

t 1 

27-14 


Of these crops sugarcane was growing excellently, being also 
supplied with heavy manuring. Chowli and Wal were doing fairly 
well and gram germinated well but failed later on. 


* V. H.^A, Bureau of Boile Bulletin No. 34. 
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Lakh {Laihyrus satims) and Udid {Phaseolm radiatus) were 
similarly found to fail in a soil containing 0’48 per cent, of soluble 
salts of which sodium sulphate was about 66 per cent. 

The following are a few of the analyses of Sind soils showing 
approximate limit of tolerance of some crops towards salts contained 
in the soil 



Rice. Soil 

Lfikh (Lathy- 

C'otton. Soil 

W’heat. Soil 


Burface-C* 

Soil surfacc-O" 

Burf ace-0" 

sur(ace-0* 



o/ 

o/ 

O' 


/<» 

/o 

/o 

/O 

Total aalta in dry soil 

1-8(1 

0-01 

2-10 

3-00 

Composition op salts :— 





Calcium onriionate 

3-1 f. 

18-64 

3-85 

1-14 

Calcium aulphatc 

8-87 

10-94 

51-92 

22-05 

Maf!np»iium suljihatn 

14*5o 

27-51 

10-20 

. . 

Sodium sulphate 

18-90 

• . 

14-74 

. . 

Calcium chloride 



. , 

18-25 

Majrneaium chloride 

, , 

20-34 

. . 

16-35 

Sodium ohlorido 

54-43 

16-94 

19-23 

42-21 


The resistance of rice crop tow’ards sodium chloride is w'ell 
known from the fact that several rice varieties are growm on creek 
water in Konkan near Bombay. 

In Sind, on Larkhana farm, saline wrater which could just 
maintain rice crop was found to contain the following amounts of 
salts 





Watj-r confined in riw crop. 




Parts per 100,000 

Total soluble salts .. 

.. 

.. 

940-00 

Containing;— 




Calcium carbonate .. 



5-17 

Calcium sulphate .. 



63-08 

MagncHiura sulphate 



43.50 

Sodium sulphate 



38-34 

Sodium chloride 



742-50 


The above is only an attempt to show approximately the limit 
of tolerance of several crops towards salt efflorescence in soils. 
Other factors such as frequent irrigation and consequent dilution 
during different stages of growrth of the crops would materially 
modify the results. 
















HABIT IN SUGARCANES.* 


BY 

U. VITTAL RAO, L. Ac., 

Assixtant to Oomnnmt Sugarcane Erpert, Madras. 

Habit op plant an important character in all cultivated 

CROPS. 

Habit of plant is a character of considcral^le imjwrtance in 
all cultivated crops. That each individual plant should be able 
to make full use of the air and light available to it \nthout inter¬ 
fering with the gi’owth of the neighbouring plants is a condition 
imposed by agriculture and the closer approximation of the indivi¬ 
dual plants which agriculture implies. Again, the habit of plant 
has often a direct bearing on the position of the produce at time 
of harvest. A cotton plant in which the kteral branches spread 
on the gromid and bring the hipas in contact with the soil, dirtying 
it and thus depreciating its market value, and a paddy plant, 
which, by its spreading nature, allows its ripe earhcads to trail on 
the ground, are obviously unsuitable for cultivation. 

Particular importance of habit in sugarcane. 

Habit is of special importance in the case of the cultivated 
sugarcanes. It is a long duration crop—occupies the land for 9 to 
14 months in India, and even as much as 24 months in other 
countries like Hawaii—and if the neighbouring plants should show 
a tendency to get entangled with each other, the inter and after 
cultivation of the crop such as weeding, earthing and irrigation 
are rendered difficult. Secondly, it is accepted on all hands that 


* Paper read at the Seventh Indian Soienoo Congress, Najpar, 1920. 

( ) 
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a lodged cane rapidly degenerates in sucrose content. Dr. Leather, 
in Agricultural Ledger, 1896, says, “The juice of fallen canes was 
again separately examined, with the result that it was found to 
contain generally less proportion of cane sugar and a larger one 
of glucose than was found in the standing cane.” Thirdly, a bad 
habit in the cane leads to the formation at the time of harvest of 
crooked and curved canes, which is a serious disadvantage from 
the factory point of view, as it seriously interferes with the compact 
packing of canes on the hopper. In sugarcane, the ideal would, 
therefore, be to aim at getting a variety which will consist of a 
series of parallel erect canes. 

Habit of the main shoot during the early stages of growth. 

During the early years of the Sugarcane Breeding Station, the 
depressed habit of the Madras seedling, M. 2, was studied by Dr. C. A. 
Barber, CM.E., and llao Sahib T. S. Venkatraman, and the results 
were presented in the fonn of a paper at the Madras Session of this 
Congress in the year 1915. It was there proved that the depressed 
habit in the pirticular Madras seedling was an inherent character 
result ing from geotropism. This year the study was extended to 20 
varieties, chiefly the indigenous Indian canes belonging to the 
various groups classified by Dr. Barber in his Memoir, “ Studies in 
Indian Sugarcanes, No. 3.” Four buds were put down for each 
variety, but owing to casualties and other abnormalities in growth 
caused by shoot borcis, etc., only 37 plants could be studied to the 
end of 87 days from planting, and the results are here given. 


Statemerd showing the actual plants studied. 


(Jroup 

Variety 

No. of buds j 
planted 

No. of ])lants 
examined 

1 

Thick canks 

J. 247 

4 

4 

Nakouri 

Nargori 

4 

1 


Manga 

4 

3 


Katari 

4 

2 


Kewali 

4 

— 

1 

j 

Carried over .. 

20 

10 
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Group 

*£ 

' Viriety 

No.*ol buda 
planted 

No. of plants 
examined 


Brought forward 

20 

10 

MuNno 

KiiHwar 

4 

2 


Hamgol 

4 



Matanwar ., 

4 

1 


I'araria 

4 

— 

Pansaui 

.Sanarlii 

4 

4 


Kahn 

4 

2 


tjita 

4 

2 


Maiieria 

4 



I'ansahi 

4 

— 

Sarktha 

Kattia 

4 

3 


Tiairi 

4 

1 


Kanaar 

4 

s 


Dhaiir Sarotha 

4 

2 


Khari 

4 

:i 


Hiillu Kahbu 

4 

4 


Totai. 

80 

37 


NoTE.-~Surmabilo jiroujt was l(*fi out In'causo ()f groat variation in its coniitononts. 


The main details of this paper arc. found in the Memoir “ Studies 
in Indian Sugarcanes, No. 2,” page 138. 

The buds were planted in tile pot.s with a lateral hole as seen 
in Plate XXII, fig. 1, and the angle of the main shoot was measured 
by means of an instrument (Plate XXII, figs. 2 and 3), being a copy 
of the one in use at the Paddy Breeding Station under the control 
of the Government Economic Botanist, Mr. F. R. Parnell. The 
observations were commenced on the 15th day from plai^ting and 
continued to the 87th day, when it had to be discontinued, as it 
was felt that the tile pots were too small to keep the plants any 
further in a healthy condition. A more extended series, with the 
plants growing in big sized pots, is being laid to enable a continuation 
of this study up to the harvest of the canes. Each day two observa¬ 
tions were recorded, one in the morning at 8 a.m., and another 
in the evening at 3 p.m., but as little difference was noticed between 
the two observations on the same day, only the morning observations 
.were taken for study. 

; The curves in Chart I were plotted from the bi-weekly averages 
df ihe daily ar^iles of the varieties in that group. .Jfote j^ 

















Curves s^ow//7^ the posit/on of the niz^/n shoot with reference to 
the vert/cot f/'om is^ to rr?? ^/ay &fter ptant/ix^ 


CHART I. 



iv 
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rdissimilarity between the ciirve for the Saretha group and those 
*^f«r the other groups which have a comparatively good habit at 
iiarveat. 

. * Chart II shows the angles as noted at the start and at the end 
of the experiment for each group and the range of variation noted 
for the different groups during the course of the experiment. 

■ It is interesting to note that, in Nargori group, which has pro¬ 
bably the best habit of all the, indigenous canes, the angle of deviation 
is the least, and Saretha group, the worst habited of the indigenous 
canes, shows not only the greatest range, but is distinctly wor.se 
than the others, both at the start and at the completion of the 
experiment. 

STRAKiHTNESS OF CANE.S AT HARVEST IN THE DIFFERENT GROUPS 
OF INDIGENOUS CANES. 

For some time the straightness ol canes at the time of harvest 
has been recoidcd at the Siigai’cane breeding Station. Besides 
detailed notes on the relative straightness of early or late canes, 
100 canes of each variety u.scd to be laid on the ground and a 
general note recorded on the lot as a nhole. Detailed notes are 
available, but they fall roughly into three classes, viz., (1) straight, i.e., 
with little or no (Uirvatiire anywhere ; (2) slightly eurved, i.e., 
showing a .slight curving at the top or the base; and (3) curved. ■ 

The table on next page gives the numbiM' of vaiieties classed 
under the. three heads during the years 1917 and 1919 ^hen the 
crop was grown in the same field. In the year 1918 the canes 
were badly lodged and .so the notes are not reliable. 



Ereclness of mrieties at harvest. 






































PLATE XXIV. 



Fig. 2. Saretha group showing bad habit with canes sprawling on the ground. 
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J. 24'y, Nargori and Mungo gitoups which show comparatively 
little variation in angles in the growth of the main shoot show a 
large number of varieties with straight canes. Saretha group is the 
worst and Pansahi group occupies an intermediate position. (Plates 
XXIIl and XXIV.) 

TitK INHERITANCE OP HABIT IN SUGARCANE SEEDLINGS AND ATTEMPTS 
TO IMPROVE IT BY CROSSING. 

Bad habit, in a seedling bred for North India, was early realized 
to be a possible evil to combat with and, if possible, eliminate, and 
attempts were made even from the start to collect data to determine 
the mode of inheritance of this character among the seedlings 
raised from the same parentage. One of the most startling facts, 
brought out from the raising of canes from seed, is the great diversity 
that is not iceable in seedlings raised from one and the same parent, 
and this may lx* said to form the main basis on which the production 
of a S(‘edling better than the parent depends. 

But through all this diversity in the resultant offspring there 
is often traceable a certain amount of broad sinailarity among 
the seedlings of one and the same parent; and this similarity often 
expressed itself in the form of a similar habit among seedlir^a of 
the same parent. 

From the tables below it is seen that whereas the seedlings of 
the Saretha group (Plate XXV) show a particularly bad habit 
similar b) that of the parent, those of the Sunnabile group, for 
insbince, show a betbu’ habit agreeably to the better habit of the 
parents. 


Inheritanoe oj had hcdM in seedlings oj Saretha group. 


Year 

Soe(llinf;8 

No. 

planted 

Good 

habit 

Fair 

habit 

Bad 

habit 

Rkmabk-s 





% 

% 

0/ 

/o 


1014-10 

Saretha G. 0. 


.500 

7-7 

28-6 

63-8 



Do. Self 


200 

7-2 

30-1 

02-7 


iaifl-17 

Katha „ 

, , 

100 

17-8 

63-4 

28-8 

Rather ai- 








grown. 


Kansar „ 


100 

10-9 

40-r> , 

42-6 

Do. 


Lain „ 

. 

100 

22 •» 

38-6 

38'6 

Do. 


Mesangon „ 

, 

100 

lfi-3 

47-0 

38-7 

Do. 


Saietha „ 


100 

4-C 

68-4 

371 

‘ Do. 

J0I7-4O 

Ramui G. C. 


100 

8-3 

25-0 

66'7 









inheritttme good hednt in seedlings of thick canes dnd 
SunndbUe group. 


Year 

t 

; Seedlings 

1 

, .. 

; No. ' 
i planted | 

Good 

habit 




<1/ 

/(t 

1915-17 

.. Rod ribbon G. 0. 

1(K) 

39-0 


: J. 247 

200 ■ 

4.'5:t 

1917-19 

.. PutUKhajoe 

100 

14:j 


Pair 

habit 

1 

o/ 

% ! 

45-7 

15'3 J Paronthasgooc 
j habit and t 
! thick oane. 

48-0 

0-7 i 1)0. do. 

79 0 

O’l i Parent habit 
fair, belong 
to Snnnabiti 
group. 


It is however fortunate that by a suitable crossing it is found 
possible to influence the habit of the resultant seedlings. The 
table hereunder shows that the habit in seedlings is, to some extent, 
controllable by proper selection of the pollinating parent, though 
it should here be mentioned that the peculiarities of the sugarcane 
flowers makes it impossible to attempt this improvement of habit 
in all cases. 

Influence of crossing on habit. 


Year 

Parentage 

No. of 
scedliiigH 
jilanri’d 

Gof;d 

habit 

Fair 

liabit 

) 

Pad 

habit 

KeMA))KS 




o/ 

(»' 

**o 


1916-18.. 

Mauritius 1237 X 







M. 4694 C? 

Mauritius 1237 X 

200 

7r>’5 

210 1 


M. 4094 liabit good 


M. 7319 c? 
MaiiritiuN ] 237 X 

.50 


2.5 ■)) 

• • 

M. 7319 liabit goml. 


Saretha X 

l.'k) 

39)) 

.51 '7 : 

n-3 

iSar X Kpt. bad 


S. Spt. S 





habit. 

1917-19.. 

J. 213 X Java (S 







(Hfibbal) 

1)0. X Purple 

140 

11 

75-.-I 

23-6 

Java fair habit. 


Mauritius 

KM) 

00 

70-6 

294 

P. Mauritius fair 


Do. X Katlia (J 





habit. 

r 

100 

OV 

47 1 

52-9 

Katha bad habit. 


Do. X Kansar 

100 

2;6 

50-0 j 

47-4 

Kansar bad habit. 


Do. X Saretha c? 

KM) 

00 

40-7 1 

69-3 

Saretha bad habit. 


Note.—^Mother Mauritius 1237 has a goo<l habit but it gave no selfed Needling because of 
Infertility of its own pollen. 

J. 213 has fair habit but it gave no soiled seefllings because of infertility of its own pollen. 

My thanks are due to Eao Sahib T. S. Venkatraman, B.A., 
Actii^ Government Si^arcane Expert, for giving me all facilities 
and encourastement.' 




PLATE X 



Fig. 2. Pansahi and its seedlings. Note the good habit. 
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U. A. EARBEIU O.I.E., Sc.l)., F.L.S. 

HI. 

Thk of loots aiul slioots on llie joints of the cane at 

ci<»p time is, as \V(* have seen, unwelcome. The newgrenvths are of 
course useless for sugar mi!kij'.g, and tlieir presence in quantity 
lowers the purity of the juice at the mill. Besides this, all the 
joints in the neighbourhood of lateral shoots have a good deal of 
their stored sucrose changed into glucose, Miiich is the form in 
\\'hich sugar travels to aupph' the. matcruil for fresh growing parts. 
We traced the formation of shoots and roots to climatic causes, 
chief among which was a.n excess of moisture, to lodgii^, to any 
check in the growth of the cane, whi'ther by insect or fungus attack 
or accidental breakage, or, lastly, to the canes flowering some 
months before harvest time. We also noted that some varieties 
of cane are more prone to shooting thair others. It is a very common 
phenomenon in diseased plants. In some cases the habit and 
general appearance of the bunch is entirely changed, and, in place 
of a few upright, clean canes, hundreds of small, gi’assdike shoots 
make their appearance (Fig. 1). This abn.ormality is apparently due 
to the most various causes. It is supposed to be induced by various 
insects and fungi, by eel worms in the roots, general malnutri¬ 
tion, and the presence of alkiili in the soil; but it is often impossible 

*> 

•Bfiprintod from the Inlei-nulioml Svgw' Jaunuil, December. 1919." 
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to fix the responsibility on any one circumstance. It will be 
remembered that it is one of the features of the mysterious s&reh 
disease which devastated the Java cane fields towards the end of 
the last century. The writer has met with a case in India where 
in a couple of acres, planted with cane for the first time, and in 
apparently ideal surroundings, after 14 months’ growth only an 
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the tissues of the affected plants, both above and below ground, 
showed no sign of unhealthiness or any trace of insect, fungus or 
eclworin. The subject req^uiies further study to determine the 
fundamental condition of the plant’s economy which leads to this 
enormous development of shoots, whii-h is in many respects similar 
to the “ spike ” disease of sandalwood. 

But to resume our main study of sugarcane grovdh. To 
properly understand this under field conditions, it is necessary to 
examine the constitution of the bunch of canes derived from a single 
planted set, and this is especially the case when we come to consider 
the tillering power of different varieties. We have seen that the 
piece of cane plant'd has several joints, and that each of these joints 
has a l)ud which is capable of producing a complete plant. The 
bunch of canes in a sijigle hole ” where one set has beefi planted 
may thus consist of one or more plants, according to the number of 
buds which “ germinate.” The number of separate plants in a 
bunch and their relative size and importance caii only be deter¬ 
mined by dissection. This is a tedious and difficult operation, for 
the lowest parts of the canes, where they are attached to their 
mother stems, are often thin and brittle, and furthermore, the 
whole underground part of the bunch is envelojjod in an intricate 
weft of tough, fibrous roots, dead and living, which have to be cut 
away before the details of the branching can be laid bare. An 
example of such dissections is shown in Figs. 2, 3, and 4. In 
Fig. 2 a bunch of canes has been photographed as it was lifted out 
of the ground, with all the soil carefully picked and washed away, 
but the free spread of the roots is somewhat obscured by the 
pressure of the bunch upon them. Upon dissection, this bunch was 
proved to consist of four separate plants, which are shown in Figs. 
3 and 4. In these four plants there were 7, 9, 4, and 8 canes, 
respectively, making a total of 28 for the whole bunch. The latter 
was only nine months old when taken out of the gi'ound, but experi¬ 
ence of many dissections has shown that no shoot not aheady 
forming cane at its base at that time can develop rapidly enough to 
be of use in the crop; and only such have been taken into account. 
The result, then, of planting a single set has been that four plants 
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were produced, with an average of seven canes each at harvest. 
The bunch was of the Mungo group of Indian canes. 



'i. A bunch of Mungo canoH arisiiij' from a sinKle let. 
This is a dwarf variety with very short joints. The root 
system is poorly developed and not fully shown. 


There are many lessons to be learnt by thus laying bare the 
whole branching system of a bunch of canes. It is easily seen that 
the individual canes are not of the same age. Some are formed 
very early in the hfe of the plant, while others have, so to speak, 
been produced at the last moment, and have barely time to complete 
their growth by harvest. Some of the main shoots are produced 
by the out-growth of the buds on the set, while others are branches 
of branches of these. As we know from our chemical analyses that 
the character and richness of the juice varies a good deal during the 
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life of each cone, gradually increasing until an optimum is reached 
and then declining, it becomoM necessary to carry our examination 
iurther, and determine the whole scheme of branching. In the 
example given above, wc nxust determine the relative stage of 
development of each of tlie 28 canes formiirg the bunch, and its 
correct position in the scheme of branching. Assuming, as a basis, 
tliat each shoot, if it develops unhindered, will produce one cane, 
we may divide t)\em into classes on completing our dissection. 



Fig. 3. The biinoh in text-SKuro 1 disaected out to ahow that it conaiats of four aeparate 
plants ariaing flora different buds on the set. In each plant the “mother"cane 
is indicated by a piece of white paper wrapped round it. 

The shoot which is the direct outcome of a bud on the set is the 
main axis of the plant: this we term the “ mother ” cane and 
designate it by the letter a. Shoots formed from buds on the 
joints of a are branches of the first order, and we name them 6l, 
62, 63, etc., in the order of their arrangement from below upwards. 
Similarly, the brandies on b are of the second order and marked c 
and so on with d, c, etc., as far as they appear. In the bunch of 
canes photographed, the four plants have the following consti¬ 
tution ct -j~ 36 -|“ G “b 26 -j” 5c -f- d, d 26 c, n —j” 36 ~b 4c. 


Fig. 4, The bunch in text-figure 1 dissected out to show that it consists of four sep.irate 
plants arising from diSerent buds on the set. In each plant the " mother ” cane 
is indicated by a piece of wliite paper wrapped round it. 

average constitution of a t)^iical plant of the group. As a matter 
of fact, this ha.s been done. Fifty-nini' dis.sections were made of 
cane plants in tlie Mango group, and the avtuage formula for these 
59 works out as a-\- 2b + 2c -h d. 

A study has recently been made of many other gioups of canes^ 
and the result of this shows that, while there are extreme variations 
in the formula of individual plants, the greater the number of 
dissections, the simpler the average formula becomes. In the 
following table some of the results of this study are summarized. 
In the first column the actual averages obtained in the dissections 
are recorded, in the second the theoretical formula of branching 
is put down, which, it is presumed, would be reached by the plants 
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if they had been grown in more ideal surroundings. It is obvious 
that, for this kind of study, all the varieties had to be grown under 
uniform conditions side by side in one place. And, as the place 
chosen was in many cases far removed from their natural habitat, 
climate, and soil, they did not grow as well as they were capable 
of doing. The dissections were made at the Coimbatore Cane- 
breeding Station in South India:— 

Fomulw of branching of different groups of canes. 




Number 












Group of oanee j 

ol plants 

Average of diseectionB 


Theoretical formula 




dissected 














b 

6 

d e 

/ 

a 

b 

c 

d 

e 

/ 

(1) 

Wild grasBoB —Sacchanm anindimceum 

f. 

1 4 

0 1 

0 5 

0-4 

1 

4 

6 

0 

4 

1 


Saccharum sponUmeum 

17 

1 1 4 

7 

5 2 

0'4 

1 

4 

6 

6 

4 

1 

:i) 

Indian canee—PansdAi group .. ; 

211 

1 3 

4 

2 


1 

3 

4 

3 

1 



Mungo „ .. ' 

5« 

] 2 

2 

1* 


1 

2 

3 

2 

1 



Sarelha „ .. 

53 

1 1 3 

3 

1 


1 

3 

3 

1 




Nargori „ 

33 

3 

3 



1 

3 

3 

1 




Sunnabik „ • 

40 

3 

2 



1 

3 

3 

1 



3) 

Thick, Iroiucal canes grown in India .. : 

41 

2 

1 



1 

2 

1 



•• 


llifl forniuia for the Mungo gixini is reduced here h(H;au.se tin* varieties are dwarf canea with very abort 
joints ; there aiv, therefore, tuore jiianis in a hole tliaii in tin; other ea.ses. As many us 7—11 plants were somc- 
tiniOH included in a hunch, ami tlio branching of these was eoiiM'iiuently small. By using another method the 
ttctual average obtained was 1, :t, :t, 

We learn from this piece of work tliaf- there is a good deal of 
difference in the bi'ancliing powers of different groups of canes. 

The wild Saccharunis head the list, and, as the cultivated canes 
{Saccharmn offtcinanm) must have arisen from a wild ancestor, 
the former have been included. The branching of the wld Sac- 
charmns is the most prolific. The indigenous Indian canes come 
next, and can be roughly divided into two sets. Pansahi and 
Mungo branch a great deal, Nargori and Sunnabile much less 
wherever they are grown. Saretha in its native habitat (the Punjab 
and adjoining portions of the United ProA'inces, where tropical 
canes cannot, as a rule, mature) would belong rather to the Pansahi- 
Mungo set, although the dissections show a formula similar to that 
in Nargori-SunrwMe. Lastly, the thick, tropical canes branch 
least. It is a matter of common observation that their tillering 
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power is much leas than that of Indian canes, and this is clearly 
brought out in the table. It should, however, be stated that the 
tropical canes grown on the farm were no more at honie than the 
North Indian varieties. It would be difficult to find a plac^e which 
suits both of these classes of cane plants. A set of 12 bunches of 
well-grown tropical canes was dissected on an estate in South Arcot, 
where they are grown successfully on a large scale for sugai- luaiui- 
facture. They l)eIongcd to the Red Mauritius variety, which is 
kiiown as a free tillerer, and the object aimed at A\'as to dct<*iiuine 
the possible braixching of thick canes grown on an estate scale in 
India. The average of these 12 selected bunches gave the formula 
1(1+ 36 + 3c f l(f, and this may, perhaps, be a more general 
formula for canes growi\ in the various sugar growing counti ies iji 
the tropics. It may be of interest, in conclusion, to point out that 
the Yuba cane of Natal, a meml>er of the Pausalri group of Indian 
canes, was one of those included in the dissections. A good deal ol 
attention is just now being paid to this hardy, })rimit.iv(‘ vajiety, 
and the extended formula of its branching system is undoubtedly 
one of its main attractions. 



NOTH ON THE EXHAUSTION OF INDIAN SOILS AND THE 
METHODS BY WHICH THIS MAY HE HEMEDIED.* 


HY 

R. V. NORRIS, D.SC'., 
G'»'eniiiieiit Atirlrnlhiral Chemist, Madras. 


As a result partly of war conditions and of the shortage of 
gi ain stuffs resulting from the failure of the monsoon a year ago a 
good deal of attention has recently been paid to the present con¬ 
dition of Indian soils and the crop-yields obtained from these. The 
results of such investigations have tended on all sides to demonstrate 
that a very serious impoverishment of these soils is taking place 
ami that energetic steps are necessary to remedy this state of 
affairs. 

Let us consider for a momen.t the chan.ges taking place in the 
soils. We know that the various plant foods, nitrogen, phosphates 
])otash, etc., may exist in the soil in a number of different forms. 
Some of these will be present as compounds which are of inmrediate 
use to the crop, others require to undergo vaj'ious transformations 
before they can be takei\ up by the plant. The former class w'e 
describe as the “ avaikble ” plai'.t food, the latter as the “ unavail¬ 
able.” The second term is of course a relative one, because, as 
I have explained, a certain proportion of the uimvailable nraterial 
slowly undergoes change and becomes available. Now how does 
this influence the crop ? It is obvious of course that while there 
is a plentiful supply of available plant food the soil will be fertile 
and other conditions being favourable good crop-yields will be 

• Paper reail at. the MnSraa AKiioultural Conference, 11)19. Keprinted from the Jonmal 
of the Madras Agricultural Students' Vaitm, December 1919. 
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obtained. If this food supply however is not maintained by the 
addition of appropriate manures there will be a regular falling off 
in yield until eventually a state of balance is reached when the 
plant food removed in any given crop is equal to the amount of 
unavailable food rendered available durii^ the time of growth. 
The yield obtained under such circumstances is of course very low 
and we refer to it as the “minimum cropping value of the soil.” 
Owing to the relatively large reserves of plant food present in 
practically all soils, this low figure wll remain practically unchanged 
for very prolonged periods. I have gone into those veiy elementary 
details of soil chemistr}' with which most of you are entirely familiar 
because it is sometinxcs argued that since many Ir.dian soils go on 
producing year after year a fairly constant yield there is xeally 
little cause for anxiety. You will readily see that such an argument 
is fallacious. It simply means a verj* large proportion of these 
soils have already reached this minimum cropping value which I 
have just described, that is to say they aie producing year after 
year crops far below those which could be raised aftei- reasonable 
manurial treatment. 

Now to meet the shortage of food stuffs to which I have already 
referred, there has Ijeen a vigoirms demand in many quarters for 
the adoption of more intensive methods of cultivation and for the 
introdxiction of heavier yielding strains. Now both of these are 
eminently desirable things, but it is nexa'ssaiy we should realize one 
result of their adoption. It is perfectly obvious of course that the 
introduction of more prolific strains means we shall remove plant 
food from the soil at an increasc'd rate. Rimilarly by more intensive 
measures of cultivation we shall increase the rate at which our 
reserve plant foods are brought into use and lead in this way to a 
more rapid depletion of our stocks. In other words, both these 
methods alone while giving us a momentary greater return will, 
uxAess accompanied by proper manurial treatment, eventually 
lead only to a still greater exhaustion of the soil and the final yield 
will again fall to the minimum value. The more intensive our 
methods therefore and the more prolific the strains we employ, the 
more imperative is the necessity for an extended and judicious use 



THE EXHAUSTION OF INDIAN SOILS 


485 


of fertilizers. It is obvious that these fertilizers must be used in a 
systematic and rational method. If a soil is deficient in both 
nitrogen and phosphate such a soil will derive but little benefit from 
the application of nitrogen alone as tlie crop would still be limited 
by the phosphate deficiency. We may say then that usually 
general manures will be required, prolonged treatment with a 
manure containing one particular type of plant food only leading 
to a more rapid exhaustion of the other forms of plant food and 
hence ultimately to a reduction of fertility. 

It is probably not generally realized to what extent soil 
exhaustion in India has already proceeded, so I may give one or 
two figures to illustrate the point. 

In iMiidras we have durbig the last few years been engaged in a 
soil sxn vey of Ihe psuldy laivls of the Presidency ,and up to the 
present time have completed s\ich a survey in four of the chief 
delt.is, namely, Uuntur, Tanjore, Kistna, and (hxiaveri. This 
survey has had as one of its principal objects merely to ascertain 
how far tht'Se soils are in need of immediate manurial treatment, 
'riie results are certainly instnictivc. ('onsiderii'-g first the Godaveri 
Delta, wliicli is generally considered to contain some of the most 
fertile land iir the Presidency, we find nevertheless that 23 per cent, 
of the samples analysed show a deficiency in available phosphate 
and 40 per cent, or nearly half the delta a deficiency in nitrogen 
content. 

The Kistna Delta gives slightly worse figures, 33 per cent, of 
the samples exliibiting phosphate starvation and 56 ]>cr cerrt. lack 
of nitrogen. 

In the remaining two deltas the situation is even more serious, 
the figures being as follows;— 



i 

, j>jHcient in nitrogen 

Deticient in pliaspliaU- 


t 

1 I'or cent. 

lV.r cent. 

Guntur 

.. i 81 


Ttmjore 

H7 

1 

80 


Comment on such figures is hardly necessary and there is no 
reason to believe that many of the other paddy lands of the 
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Presidency are in any better condition. If we remember that an 
increase of 5 per cent, only in the average yield would provide an 
extra 1,000,000 tons of rice a year in Madras alone, we can realize to 
some extent what the annual loss is in the whole country in this 
and other crops. 

Examples such as the above could be brought forward in 
numbers, dlouston, in a paper read at the Indian Science t'ongress 
in 1918, stated that the four chief soils of the Central Provinces had 
in most districts reached a state of maximum impoverisliment. 
In one of his experiments by an outlay of Rs. 33 per acre on manures 
in cane, the net profit per acre was increased by no less than Rs. 14(5, 
i.e., over 400 per cent, the cost of the manure applied. In a similar 
way Davis has emphasized the critical condition of many of the 
Bihar soils as regards phosphoric acid content. 

We may then, I think, take it as a fact that a very large numl)er 
of Indian soils are already exhausted or approaching that state. 
We must pass on to consider what are the chief reqiiirements of such 
soils and the reasons why under presen.t conditions these require¬ 
ments, urgent as they are, are being met to such a small extent. 

In the examples I have quoted, we have seen that the deficiency 
chiefly consists of nitrogen and phosphates and this may on .the. 
whole be considered as applicable to the whole of India though 
certain districts—of which the Nilgiris and Malabar are examples,'— 
are also extremely deficient in lime. Let us consider first of all the 
nitrogen question.. Now i\itrogen, like other plant foods, exists 
in the soil in available and non-available forms, the most available 
form, nitrates, being produced from conxplex nitrogenous compounds 
in the soil by a series of changes terminating in nitrification. Some¬ 
times however these changes take another course and in this way 
an accumulation of relatively unavailable nitrogenous material 
may take place of which a familiar example is the pi'oduction of 
peat. By cultivation we produce conditions, however, which are 
favourable to nitrification. One result therefore of the intensive 
cultivation to which I have already referred will be to accelerate 
this conversion of unavailable nitrogenous material into nitrates, 
and unless appropriate measures are taken, the reserves being 
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u-sed up at a rapid r.atc, exhaustion will occur. Such cultivation 
moreover has another disadvantage. It is well known, that under 
suitable conditions very large quantities of nitrogen can he added 
to tlie soil fiom the atmospliere by tlie agency of nitrogen-assimi¬ 
lating baclfuia. But tliese bacteria require the presence in the 
soil of considerable amounts of carbonaceous organic matter, 
irence if by our intense cultivation we use up at a rapid pace this 
organic mattc'r in the soil we shall thereby at the same time diminish 
this vahialde fixation of nitrogen. 

It is obvious Iherefon; that we must combine such methods of 
cultivation witli liberal su]>])ly of manure, and for the reasons I have 
stated, bulky organic manures such as farmyard manure, j>oonacs 
and fish manure are peculiarly suitable to the conditions prevailing 
in this count ry. Such mamiies luoix'over have a further advairtage 
as compared with mort' concentrated manures in that they improve 
to a, marked degix'e the mecliani< al condition of the soil whereas the 
co)icentrated chemical manures have a tendency in the opposite 
direction. 

It is particularly unfortunate therefore that the manures to 
which I have referred are preci.sely those which for various reasons 
art* ('ither bei)^ sent out of the country or else used in a wasteful 
muuier. In the fust place, the ])est use is not made of the manure 
most gener.dly available, viz., farmyard manure. In many districts 
this is used mainly as fmd re.sulting in a total loss of nitrogen. Even 
if this be not doire the manure is almo.st invariably stored in such 
a w'ay that at least 60 per ceid."of the nitrogen is not utilized. 
Little effor t is made to collect the liquid and more valuable portion 
of the manure or to protect the manure pit in any w'ay, wdth the 
result that tlie aggregate loss in mamirial value is enormous. 

There is no doubt that many ryots at present do not realize 
the value of manures. This is a factor which time alone can remove 
but the ryot is a shrewd judge in many ways, and when once con¬ 
vinced by demonstration of the benefits to be derived he will not 
be slow to take up the use of manures. This has been .shown in a 
striking way by the largely increased demand for fish guano even in 
districts remote from the source of supply. But assuming that 

& 
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the ryot is fully convinced of the value of manure and anxious to 
obtain these, the price of most fertilizers has reached a figure which 
puts them quite out of reac’h of the small cultivator except in the 
case of the most profitable crops. The reason for this is the high 
price which manures such as oil-cakes and fish command in the 
foreign market resulting in a large export trade and a rise of price 
in this country. 

Fish manure containing as it does a gocwl percentage of both 
Tuitrogen and phosphate is particularly suitable to our soils and yet 
the export is increasing rapidly. In Februaiy of this year (.'olombo 
was paying Rs. 160 per ton for fish guano and consequently was 
attracting the bulk of this commodit}' which a year or so before 
was obtainable at Rs. 45 a ton ex-factory. This export is likely to 
continue, therefore, with a <;onsoquent incrcust* in i)rice in spite of 
the fact that the production of fish manure is necessarily limited 
and quite insufficient to meet the manurial requirements of the 
country. 

When we come to consider the cas(' of oil-cakes we find again 
exactly the same conditions prevailing. These cakes, though they 
contain sometimes a fair amount of phosphate, must be regarded 
chiefly as nitrogenous manure. Now the oil-seed crops arc noto¬ 
riously exliausting to the soil. But if the seeds were cruslied and 
the resulting cake either apjdied to ilie land directly or in the form 
of cattle manure after feeding, there would at least })e some return 
of plant food to the soil. But the tendency is all the other way. 
Not only has the export of oil-seeds steadily increased, but even 
in those cases where the seeds have been cnjshcd in this country a 
large amount of cake is exported. The figures are instructive. 
Taking the normal years immediately preceding the war, the export 
figures for the whole of India were approximately as follows: — 


Aix India 

Tons 

Value 

£ 

Whole oil-seeds 

1,572,702 

17,000,000 

Oil-cakes 

Feom Madbas alonb. 

17.5,000 

1.000,000 

Oil-seeds 


3,500,000 

Oil-eakes 

. 400,000 

(approximately). 
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This has naturally led to a great increase in cost and the state 
of affairs is likely to become -worse o-w'ing to the intense demand 
for such products at the present time in European countries. Hence 
it is not sinprising to find that the present price of groundnut cake 
is about Rs. 140 per ton or three times the price for which it could be 
obtained a very few years ago. It is impossible for the average 
ryot to pay such piices and it is in my opinion essential that steps 
should be taken to remedy this state of affairs. It would therefore 
appear necessary to prohibit entirely the export of fish manure of 
which the supjdy is so limited and to impose an export tax on oil¬ 
cakes in order to retain a large quantity of these in the country. 
With regard to whole oil-seeds also a hea-vy export tax should be 
imposed. In this way the oil-crushir^ industrj^ could be developed 
in Iirdia, the oil beii>.g freely expoiied but the residual cake beirrg 
consumed as far as required in this country. Two causes have 
hitlieito teirdcd to irtard the development of oil-crushing in this 
countr}'. The fact was that when oil-cnishing was introduced, 
owing to the wholesale adulterutiorr which took place Indian 
oils obtained a thoroughly bad reputation. Secondly, European 
couirtiies have inqrosed an import duty on oil while allowmg free 
entry to whole seeds and cake. The remedy for the fii’st is obvious ; 
in regard to the second, the conditions in Europe are such that it is 
doubtful whether these duties would be maintained if the supply 
of whole seed were restricted'. Hence the times are now particu¬ 
larly favourable for such a change. 

So far we have been considering nitrogenous manures. In 
the case of phosphates the situation is much the same. The chief 
phosphatic manures available in this couirtiy are bones, fish manure, 
and deposits of miireral phosphate. With fish we have already dealt. 
In the case of bones we again find a large export taking place. 
Owing to the war, t he figures for the last few years have been erratic, 
but in normal times bones to the value of over 4 lakhs of rupees were 
annually exported from this Presidency alone chiefly to Ceylon. 
As a result of this external demand the price has steadily risen and 
early this year the excessively high figure of Bs. 130 per ton was 
being quoted in Ceylon for bone meal. This is therefore aDother 
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case where export, should he totally prohibited. The hones retained 
in this way could readily he crushed at a large number of centres 
because many land ovmers are ahecdy in possession of oil engines 
which are not fully employed an.d Avliich could thert'fore he used 
with advantage' to drive small disintegrators. In this Avay hone 
meal, which has given good results in this countiT, would he 
available at a greatly reduced cost. 

In the case of minerid phosphate deposits in this country we 
arc at present in some* doubt as to the best method of utilization.. 
They are not suitable' foi' the* prepareitioji eif supeiphosphate and 
w'hen ustel alone the availability is eef a ver}' le)W eade'r. A con¬ 
siderable number e>f experiments have been carried out he'rc to 
inci’case their availability by using the* eiushed min.eral ])he>S]»hato 
in combination with organie- matter. The e'X])erim(‘nts h.iA'c been 
sufficiently successful to indie; te th; t a satisf; eteuy nu'thod of 
utilizing these depeesits will ])robably be* found, but it caiuiot be said 
that the correct ce)nditie»n.s haA'e ye't be'e'U realized. 

Quite ree ently claims have- be-e'n put fenAVaid le'garditig a phos- 
phatic manure teime d “te'tra ])hos])hatc ” which is juepared in a 
very simple rvay fje)m rock jdiosjdiate. The'sc cxpcjiments have 
been carried end chie'lly in Italy and in my e)})inie»n the e-vielence is 
not particularly ce)nvincing. In view' of the' impeutiince of uti¬ 
lizing enir su])]jly e»f pheisphate we are', he)We'Ve'r, at present carrying 
Old trials to test this lU'W' method em the Trichinopedy de-posits, but 
the experiments are not yet aufliciently eidvanced to indicate the*, 
probable result. 

One other possibility lias latefy arisen in connection with such 
deposits. Very feivenirable results have' been obtained in America 
by the use of ammonium phosphate. Such a fertilizer, containing 
as it does about 13 per cent, of ammonia and 40 per cent, of soluble 
phosphate, w'ould prednibly be particularly suitable for the condi¬ 
tions prevailing in .South Indian soils. The possibility of utilizing 
the Trichinopoly deposits in such a w'ay elepends entire*ly on the cost 
of production anel this w^ill again df'pi'iid largely em the production 
of cheap anmionia w'hich is quite a feasible projtosal in this country. 
At any rate the prospect opens out a promiairig field of enquiry. 
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Wliile cloaliug witli future possibilities I may also refer to the use 
of what is known as “ aetivat('<l sludge,” wliich is the final deposit 
obtained in the most recent method of sewage disposal. The 
substance when dry contains about 6-7 per cent, of nitrogen 
insteiwl of the 1-2 per cent, in the older product and may 
eventually therefore foiTU a valuable manure in the neighbourhood 
of large towns wheie sucli a system will sooner or later will have to 
be adopted. 

We d(‘alt so far with tlu- indigenous manures of the country 
and We must tinally consider how far asc can make use of S}mthetic 
methods for utilizing tin* nitrogen of the atmosphere to make 
nitrogenous fertilizers. There arc* three oi* fo\n' ways in which this 
is now ])eing doiu* in other cctuntrics. Firstthere is the Are method 
in whic’h by means of a janverful electric arc the oxygen and nitrogen 
of llie a.tmos])here ai'c* m;id(* to combine to form nitric acid. This 
recpiircs veiy liigli powers and huge production to be profitable 
and will not , I tliink. be practically suitable for Indian conditions. 
8c‘Condly, u'e have tin* Ifaln'r process for synthetic, ammonia by 
which hydiogcu undcj- tlie influence of a catalyst is made to combine 
with atmospheiic nitrogt'u to form ammonia wliich can then either 
be converted into ammonia suljihate or further oxidized to nitric 
acid. This is one of the cheapest wa}'s of producing ammonia and 
enormous (piantities of a.mmoniuin sulphate ai'c now being manu¬ 
factured in this way so that there is a considerable likelihood of a 
considerable fall in price as rc'gards this fertilizer. This probability 
is Hicreased by the report recently published of an important improve¬ 
ment on this process whicli will considerably rechice the cost of 
production. The process, howen e]*, ri'tpiires skilful supervision and 
will not therefore be part icularly easy to establish in this country. 
Lastly, there is the cyanamide process in which atmospheric 
nitrogen is passed over heated calcium carbide with the foiination 
of calcium cyanamide, a valuable nitrogenous fertilizei*, which is 
also easily capable of conversion into ammonia. The requisite 
materials for this piocess are supplies of limestone, fairly pure 
charcoal and reasonably cheap electric power and it is likely to be 
the beat adapted for use in this country. 
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There is no doubt ample scope and opportunities for the develop¬ 
ment of Such industries in India. Not only are the fertilizers pro¬ 
duced of the greatest value in themselves but they could be used 
in combination with pomacs of poor quality such as pinnai or 
dupake cake which at present can be profitably used alone. 

It may be remarked in passing that a new nitrogenous ferti¬ 
lizer has recently received much attention, viz., ammonium nitrate, 
which was largely used in the war as a constituent of explosives. 
The advantage of this compound is that it contains nearly 35 per 
cent, of nitrogen and so is the most concentrated nitrogenous 
manure made, a factor of value wJiere transport has to be considered. 

I hope I have now been able to show that it is possible by the 
methods indicated, viz., restriction of cxiioit (»f pvovacs, unenished 
oil-seeds, bones and fish manures and b}' the development of the 
processes for the synthetic pioduction of nitrogenous manures, to 
reduce very considerably the juice of manures in this country. I 
have only time to refer very brieil}' to the other measures necessary 
to ensure the best use of th<? materials thus made available. The; 
first necessity is the further: education of the i}ot. As 1 indicated, 
this is not so difficult as sometimes supjroscd and machinery aheady 
exists for such work and only requires exjransion. 

Secondly, the cost of transjjort must be reduced to a lover 
figure. Hence co-operative jmrehasing is indicated irr order that 
manures may as far as possible be carried in bulk with consequent 
reduction in freightage rates. For similar reasons purchase in bulk 
is necessaiy in order to obtain favourable terms, and this means 
credit must be provided, 'ihere is therefore a large field here for 
the development of co-ojrcration. 

Finally, there is the difficulty, and it is no srrrall one, of the 
present system of land tenure irr nrany jrarts of the country. ISo 
inseciu'e is the position of the tenairt that he carmot reasonably be 
expected to sink capital in inquovements from which he himself 
may obtain but little benefit and for which, if evicted, he can claim 
no compensation. 

The whole question therefore is by no means a simple one but 
the time is quickly approaching when it will have to be faced in a 
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reasonable manner. The population is increasing rapidly and I 
believe that the enhanced production required can only be brought 
about by a determined effort to increase the permanent fertility of 
the soil by reasonable manurial treatment. At present there is a 
tendency to face it in another way by the attempt to bring into 
cultivation large areas of more or less unprofitable land, but judged 
only from the point of view of pi'oduction this can have but little 
permanent value and cannot be regarded as' anything but a 
palliative of a temporary nature. 

Summary. 

The situation may then be summed up briefly as follows : — 

1. A large projxu'tion of the soils of the country are already 
suffering from starvation or arc approaching that state. 

2. 'riie supply of indigenous manurial products is being sent 
out of the countr}' at an increasing rate wath the result that the 
price is now' prohibitive to the small cultivator. 

3. Such a deficiency must be met by (a) limitation of export 
of such materials; {1) incivased production of synthetic nitrogenous 
manui'es, in which methods based on the cyanamide process would 
appear to be most likely of success in this country; (c) development 
of processes for the utilization of the phosphatic deposits of the 
country. 

4. In order to utilize the increased supply of manurial sub¬ 
stances, attent ion must be directed to (a) education of the ryot to 
realize their value; {b) development of co-operative buying and 
transport; (c) revision of land tenures where these do not give the 
tenant a sufficient margin of protection. 
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Much intorest-has been iiwakeiied in U'cent yearn in the culti¬ 
vation of fruit and the production of articles of consuiupti(Ui 
previously imported. There is no doubt that, if tlu' subject was 
better understood and the knowledg(' ])ropcil}' applied, the greater 
proportion of the money paid to outside* producers might be ke])l 
in the country, not only to the msite'iial economic ulvantage of 
India, but also from a health j)oint of view. 

India—^and I may even confine my statement to ap])ly to the 
Madras Pj’esidency—with its varying altitudes and climate is, in 
my opinion, as near as possible, ideal for the cultivation of almost 
every known variety of fruit, and what with the ever imjuoving 
economic position of the majority of Indians, e'ombined Avith Gov¬ 
ernment assistance in opening up an experimental jam and preserve 
factory on the Nilgii'is, there is, and always will l)e, a groAving 
demand for really well-grown fruit. 

At the present time, demand is undoubtedly mitpacing the 
supply. 

Apart from the urgent need for fresh fruit, there is also a 
groAving demand for preser ves, cool drinks, etc., such as marmalade, 
candied-citrus peel, raA\' and SAA'eet lime juice*, citric acid, cry'Stals 
for mineral AVaters, and citrate of lime Avhich is used in its crude 
form for bleaching certain kinds of linen. Also other bye-jrroducts, 

• I’ajHjr read at the Madras Agricultural Conference, 19 J 9 . llcprintcd from ilus Journal of 
the Madrae Agricultural Sluiente' Union, December 19 J 9 . 
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which, owing to simple methods of mannfjicture, could easily be 
made in this country by any i)'.to]ligont lyot, after receiving a few 
lessons from an ex])ert of the Agricultural Department, and it is my 
good fortune to know how keen tlu^ otiicials of the Agricultural 
Department are, in eveiy branch, to help one and to give valuable 
advic(^ merely for the asking. 

What with clieaj) lalxuir, comltined with a few simple and 
eilectivc appliances for cultivation, and givcui facilities for irri¬ 
gation where necessarv, a.nd axauage g(X)d land -such as is met 
with more or less a.11 over tlic ((uintiy—with an addition of ferti¬ 
lizers intclligenlly a})]>licd, we should not c»nl\' he capable of pro¬ 
ducing enough first class fruit for our own J( (piircmrnts, but could 
com])ete most favourably with otlur c.\])(trtij\g countries on the 
Kuro])ean markets. 

Th(' most suitable ])laccs in South livlia for citrus cultuie 
Would 1 h‘ ])a]ts of tlic Xilgiris. Shcvoioys. Kunu.amalais and many 
otluu' hills, the .Mahiiar Co; st. Wyu'ad and. ii'. f:ct, almost any¬ 
where when' there is good soil and ; m]>le rain.fall. say, from (50 to 
120 inches a.vcrage. or vlu'i'e irriga,tion is ; vailahle. 

('itrus fruits do best in a decj), loamy soil rich in humus and the 
essential jdaut foods, but it lu s been my e.xjx'iience that almost 
an\' S(d] can Ik* ma.de to grow good, health}'fruit trees ; with projjer 
preparation of the soil Ix'forc' phniting ; nd nlu t witli chcaji labour 
and suitable imjdcnKuifs, which are available in tlie country at 
pre.sent, it is not a vciy diilicult (tr expensive matter to bring some 
of the most intractalih' and apparently indifferent looking soil into 
a fit state t(» grow excellent fiuit trees. It is merely a matter of 
thoroughly w'orking, and in some ea.ses, s\ib-soiling, draining, and 
idoughing in one or two green mamu’c eieps and adding suitable 
fertilizers, and the tjces—other things lx ing i cpial—will not only 
grow w'ell, but ver\- soon bear jniying ej-o])S. 

Now' to the (piestion of the rigid kind of plants to propagate 
or purchase :—Cheap tu'es, merely because they arc cheap, usually 
prove to be the most expt'nsive in the long run; therefore, purchase 
your trees from a reliable nurseryman and pay him a fair price for 
the very best trees he can produce. You may be told that two 
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or three year old plants, such as one sees in nurseiy'men’a show 
gardens, and which are usually covered more or less with fungi of 
sorts, trying to grow in a () inch floWer-pot , will make excellent 
growth when planted out, an.d will bear fruit in one or two years. 
These j)lants an' sold at a low price and are usually not A’V'orth 
paying freight on. It is more economical to pay a good price for 
realh' well-grown health}' plants free fi'om leaf and other dis('as(‘s 
and also guaranteeel true to name and thus avoid the possible dis¬ 
semination of virulent plant diseases. It is to be hoped, now that 
the Pest Act is in force, Government will consider the necessity of 
insj')ecting plants offen d for sale in every nursery in the country, 
and no one should be allowed to s( 11 plaids to the public Avithout 
first obtaining aix annual certificate of cleanliness from an authorizt'd 
GoA'ernm<nt exjKrt. I know'a case wlure a man sjx nt a consi¬ 
derable amount of mono}' on citrus phuds which were coven-d with 
a most destructive' fungus disease and. had it not been that he 
procured advict*. and had n.ot the plaids bcdi ju'operly treated in 
time, he W'ould have lost the whole of tlum and, worse still, w'ould 
have given up in despair an ent(i]>rise which has since juovetl a 
most remunerative undertaking, thin.king that either the climate 
or soil w'as unsuitable. 

A^s regards suitable vaibdies, there are many, and, on looking 
through a catalogue,one is often lxwildered by the host of varieties 
named, all-or nearly all-of which appear to have sjKwial merits. 
As India is the home of citrus tribe, it would be as well to consider 
the best of those usually grown in the locality, siich as the Xagpur 
santara orange, the Sylhet, and in South India, especially in 
Coorg, that which has come, to be know'll locally as the Coorg orange, 
are perhaps three of the best. Of imi)ort(d varieties, there are 
Washington Navel, Navelensia, Mediterranean Sweet, Paper rind, 
St. Michael Joppa, and Valencia late—to mention only a few of 
the best; there is Bevill orange {C. vulgeris) and sometimes called 
C. bigardia or bitter orange, w'hich is used extensively in the manu¬ 
facture of marmalade and also for the extraction of essential oil 
from .the rind, leaves and flowers, which is used as a base in the 
manufacture of some of the most expensive perfumes and also for 
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the manufacture of citrate of lime from the juice. A sample taken 
from this variety growing locally was foiind to contain 9 oz. of 
citric acid crystals ijer gallon of juice. 

The citron (C. medica sp.), the rind of which is used in the 
manufacture of the candied peel of commerce, and for which there 
is a large demand. Juice of this fruit also has been tested and 
found to contain over 7^ oz. of citric acid i)er gallon of juice. 

The Pomelo {C. decnmana), which is sometimes called the 
Shaddock, grape fruit, c'tc. A])parontly there are three varieties 
of this fruit grown in South India, although none of them could by 
any stretch of imagination b<‘ considered to resemble a grape in 
taste. There' is no doubt, honever, that there is more than one 
variety of this fruit which is rt'ally delicious when prepared by ex¬ 
tracting the bitter membiane and sprinkling the })ulp with sugar. 
I have it on the authority of an expert in such matters that it is a 
delicious and refreshing fruit to eat early in the morning. There 
is no doubt that if this fruit with its vigour, deep-rooting system, 
and enormous bearing cpialities was extensively grown and the 
taste for it accpiired, there would be an eicormous demand at 
remunerative prices, and it probably would become as w'ell 
known and appreciated in India as it is in Eurojie and America 
at the present time. 

The lime {G. nmlica var. acida) of which there are at least 
three distinct kinds, viz., thorny, thoriUess, and seedless. If pos¬ 
sible, the thornless variety should be chosen for general cultivation 
owing to the convenient w'a}' in which pruning, gathering the fruit, 
and general cultivatiemcanbe carried out, and this applies especially 
in India, where the labourers generally wxnk bare-footed. If, 
how'ever, a thorny variety be planted, the inconvenience of the 
thorns can, to a great extent, be overcome by careful handling at 
pruning time, by having some kind of cart, handled between the 
lines in Avhich all primings are thrown, and this will probably pay 
for doing, in view of the fact that, so far as is known at present, 
the thorny gives the highest percentage of citric acid. There 
does not appear to be any appreciable difference between the 
thorny and seedless varieties in this respect. 
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It is foiind, where linres are grown on a large scale, that the 
citric acid content of the juice varies considerahly with the rainfall, 
that is, in a wet climate or season the acid content is low, whereas 
during dry weather, or where the average rainfall is small, the acid 
content is high, the variation being from 10 oz. per gallon in the wet 
weather to 14 oz. in dry weather- tests in the West Indies. In 
June of this year, after trees growing in Yerc;iud had passed throiigli 
a very severe dry weather, the juice tested as high as 211 oz. ])er 
gallon, whereas in Decemher, after a long spell of wet rveather, the 
test gave only 10 oz. to the gallon. At tlie same time, the variation 
in such figures may ])e more appanud than real, as fi'uit may con.tain 
more juice in a wet .season than in a dry one, a.nd it is (piite ])ossil.»le 
that, allhougli the ]»ercentage of citric acid ])cr gallon Jua\' he 
lower in wet weatlier, the proltahle extra amount of juice will com¬ 
pensate, or perhaps more tlian compensate, for the higher ])ercentage 
in dry weather fruit. Although tlie diiTei'ent kinds of lime in 
general cultivatioii do not ap])ear to vary greatly eitlau' in acid 
content or the amount of juic(‘ j^ei' givcui W('ight of fruit, this is a 
point which appears to lend itself to ver\\ useful jescarch work, 
both on the hire of natural selection, and jiossibly through budding 
selected jdants on t(t vigorous stocks, with a view to imju’ove not 
only the yield of acid content, but also the imjiroveinent in cpiahty 
and quantity of the essential oil in tlu* rind, and this is a point well 
woi'th considering before plant ing out on a large scale ,*1110 main 
i,ssues being tin; citric acid percentage, quantity of juice and es.sen- 
tial oil obtainable per acre. And I cannot find that, uj) to the 
present, this suliject has serious!}' been studied in a scientific manner. 
It is obvious that one acre of limes giving an average of, say, 2,000 
fruits per tree of 10 oz. acid c(»ntent. is more profitable than one 
giving 200 per tree of the same sized fruit giving 10 oz. acid per 
gallon. 

You will now naturally want to know the possible returns 
from citrus fruit growing, and this is a point on which I fear much 
controver.sy will arise, and to avoid the possibility of misunder¬ 
standing which may lead a prospective planter astray and cause 
him to invest his capital without a full knowdedge of the subject, 
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I will say at once tliiit other things being equal—much, in fact 
e\’-ciything, dei)en(ls on the individuiil. At the same time, there is 
no reason why any oiu^ interested in fruit culture should go astray 
when really sound advice can be easily obtained from the Agri¬ 
cultural ])('])artraent, and—strange as it may seem- I ha ve much 
mor(' fait h in the. eagle eye of an entomologist or m}'eologist than 
in a ])ainted cltatll wliicli one sometimes sees ejected on a pole to 
ward off the (*vil eye. As tliere is now no (‘xcuse fo7' any one going 
astray onthis])()iji.t, T will giv(> you some figuies which may encourage 
some one to have a flutter at what T consider to be a payiirg pro- 
])osif ion. To Ix’gin (Ui tlie safe side, f cannot. I tliinlc, do l)etter than 
rpiote figures whieh f gave to a fruit-])hmter who obtamed my 
advice some time ; go in oomu’ctioir with his or.'jige trees, which 
consisted eliiefly of .Manda,rines. Washington Xavel, Xavelia, St. 
i\ri<dia,el. .Meditcurancan Sweet, ; nd Ltunons : these figures refer 
to t)yeai- old tnass wliieh were allowed to overbear in the 
fourth year and suffered, not oidy in consequence of this but also 
from neglect of the ordijiary practices <if cultivation for the remain¬ 
ing five* Vi'arsaud they were in anything but good condition. I esti¬ 
mated that given ])roper eultivatioii and pruj\ing, each tree should 
give an average' of 5dozenj)erfeet fruitsthe same sea soli., which, consi¬ 
dering tin' exe('ll<‘nt varieties and the advantageous market condi- 
f ions, would have sold at S aiuu s ])er doze'll or Its. 2-8-0 per tree, and 
this em over 700 trees, or roughly 7 eicres, or say, Es. 250 an acre. 
Alleiwing Hs. 100 an acre feer cult ivat iem, manure, etc., and cost of 
marketing the creep, it Avould have left Es. 150 an acre clear. Had 
those trees been ])roperly cared for and Es. 100 an acre spent 
annually on cultivation, pruning and manure, they would have, 
at O-year old, given considerably over 500 fruits per tree, and this 
is what I eemsider to be' a fair averi.ge,' crop on well-cared-for trees 
under general Indian conditions for oranges, lemons, citrons, etc. 
Limes of course bear much heavii'r crops, and, owing to their being 
planted 15' x 15' apart which would allowthem ample room even on 
the best of soils and give 193 trees per acre, I have st'cn trees whiidv 
gave an annual crop of between thiee and five thousand- limes of 
good size. As to the prices obtainable for fruit in digerent 
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districts, much depends on the market facilities on each plantation ; 
it is impossible to give anything like an accurate statement as to 
possible profits in each district. But the figures I have given will, 
I think, enable any one interested in the subject to form a fair idea 
on this point. Unfortunately I am unable to go into details of the 
manufacture and sale prices, etc., of citric acid in such a short paper 
as this must be. There are other aspects of citrus culture, such 
as the preservation of fruit by the sweating process and allied 
subjects, which, I fear, must be left out of this paper, also through 
lack of time. As it is, I am afraid I have ov^-rstejuK'd the time limit 
and trust you will excuse the prolonged babbling of an entlnisiast. 
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DR. EDWARD J. RUSSELL, F.R.S. 

Crop rRODUcrioN in Britain is c-arriod on in the hope of gain, 
and thus differs fiindainentally from gardening, which is commonly 
practised witliout regard to pi’ofit and loss accounts. Many poets 
fronx times of old down to our own days have sung of the pleasures 
to be deiived from gardening. But only once in the history of 
literature have the pleasures of farming been sung, and that was 
neai'ly two thousand years ago. 

All ! too fortumitp tho lm»baii<liiicii, Aid tlioy but know it, on wliom, far from 
llie cliisli of arms. earUi Uicir most just mistress lavishes from the soil a 
jileiiteous suhsistciioe.—“ (Icorgics,’’ Ilk. 11., i, 458 et aaj. 

“ Did they but know it ” ! Even then there seenx to have 
been worries ! 

Tliis seeking for jirofit imposes an important condition on 
British agriculture : maximum pi-oduction must be secured at the 
minimum of cost. This condition is best fulfilled by utilizing to the 
full all the natural advantages and obviating so far as possible all 
the natural disadvantages of the farm—in other Words, by growing 
crops specially adapted to the local conditions, and avoiding any 
not particularly well suited to them. 

From the scientific point of view the problem thus becomes 
a study in adaptation, and We shall find a considerable interplay of 
fsictors, inasmuch as both natural conditions and crop can be some¬ 
what altered so as the better to suit each other. 

It is not my province to discuss the methods by which plant- 
breeders alter plants ; it is sufficient to know that this can be done 


• Discourse delivered at tho Roj’ul lustitutiou in February 1920. Reprinted from Nature, 
dated the 8th April, 1920. 
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within limits which no one would yet attempt to define. The 
natural conditions are determined broadly by climate and by soil. 
The climate may be regarded as imcontrollible. “ What can’t be 
cured must be endured.” ’J'he scliemo of crop production must, 
therefore, be adapted to the climate, and especially to the rainfall. 

The rainfall map shows that, the eastern half of England is, 
on the wliole, drier than the western half. In agricultural experi¬ 
ence, wheat flourishes best in diy conditions ; nd grass in ivet con¬ 
ditions; the vegetation maps show that wheat tends to be gromx 
in the eastern and grass in tlu' western part. The strict relat ionshiji 
is that seed production is ap|)ro])iiate to tlu' drier, and leaf pro¬ 
duction to the wetter, districts. 

The great soil belts of England south of the 'J’jent run in a 
south-westerly direction ; north (»f the Trent, liowev(‘r, they run 
north and south. A heaA'y soil, like a wet clinuit<‘, favours grass 
production; a light soil, like a dr\' climate, is suitable for arabh' 
crops. The great influence of climal e is mod ilicd, but not overridden, 
by the soil factor. 

The arable farmer grows Ihree kinds of cr(t])S : corn, clover or 
seeds hay, and fodder ciops for Ids animals or p<»tatoe.s for human ' 
beings. The same general princijdes tinderlie a.ll. and as corn croj)s 
are of the most general interest (though not necessinily of the 
greatest importanc(') they will serve to illustrate all the points it is 
necessary to bring out. We have seen that wlieat is culliv; ted 
more in the eastern than in tlu' western ]K»rtion of the country. 
The figures for consumihion and production are as follows:-- 


Millloiifi of tons yjcr aiiiiuin. 
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During the war very serious attention was paid to the problem 
of reducing the gap between consumption and production. A 
working solution was found by lowering the milling standard, 
retainiiig more of the offal, and introducing other cereals and pota¬ 
toes ; a very considerable proportion of the resulting bread was thus 
produced at home. But the war-bread did not commend itself, 
and disappeared soon after the armistice ; since then the con¬ 
sumption of wlicat has gone up, and the divergence between con¬ 
sumption and production has again become marked. There is no 
hope of reducing consumption; we nmst, therefore, increase pro- 
dtjetion. Additional production may be obtained in two ways: 
by increasing the yield per acre, and by increasing the number of 
ac-rcs devoted to the crop. 

The yield iier acre is shown in the following table : — 


Measured bushels per acre. 



(1!)08-17) AvoraRe yield jx'r acre 

1 

1 





A pood farmer 

Highest reeorded 


Kiiftland and 
Walt'S 

ycotland 

1 

i 

! 

yield 

Whoat 

31-0 

3»» 

40 to CO 

96 

Barl(>y 

31 tl 

3r>-4 

40 to (10 

80 

Oats . 

.39-3 

38-9 

60 to 80 

131 


Unfortunately the terms “ bushel ” and “ quarter ” (8 busliela) 
lack definiteness, being u.sed officially in three different senses and 
unofficially in several others also. The following are some of the 
definitions of a bushel: — 


1 

1 Official statistics. 
A deKiiito 1 
volume having 
tho following 
average weight 

Corn Returns 
Act. 

Volume occupied 
by following 
weight 

Gram Prices 
Order. 

Volume occupied 
by following 
weight 

Fretjuent praotioe. 
Volume occupied 
by following 
weight 


lb. 

lb. 

lb. 

lb. 

Wheat 

01-9 

60 

63 

63 

Barley 

63-7 

60 

56 

66. 

Data 

39-3 

! 39 

1 

42 

42 
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The average results include bad farmers and bad seasons; the 
good farmer expects to do considerably better, but he has many 
things in his favour: superior knowledge, greater command of 
capital, and possession of good land ; he will, therefore, always 
stand above the average. Even his results can be improved ; the 
highest recorded yields show what can be done with present 
varieties and present methods in exceptionally favourable circum¬ 
stances. The figures give the measure of the scientific problem, 
which is to discover what changes would be necessary in order 
to bridge the enormous gap between the average and the best. 
In three directions progress is ])ossible : we may modify the jdant, 
or the soil, or we may mitigate the effects of unfavourable 
climate. 

Before the soil can ])c brought into cultivation at all it is neces¬ 
sary to carry out certain major operations—draining, enclosing, etc., 
—which have to be maintained in full order. These lie outside 
our present discussion; we must assume that they are properly 
carried out, which is by no means always the case. Given adequate 
drainage, soil conditions are jwofoundly nmdified ])y cultivation, 
which has developed into a fine art in England and Scotland, and is, 
indeed, far better practised lierc than in most other countries. 
But it is an art, and not yet a science ; the husbandman achieves the 
results, but no one can yet state in exact terms precisely what has 
happened. A beginning has been made, and a laboratory for the 
study of soil physics has been instituted at Rothamsted and placed 
under Mr. B. A. Keen, w'here wc hope gradually to develop a science 
of cultivation. For the present cultivation remains an art, and, 
further, it is essentially a modern art. The medieval implements, 
as shown in the Tiberius MS. (eleventh century) and the Luttrell 
Psalter (fourteenth century), were crude, and left the ground in an 
exceedingly rough condition. Great advances were made throughout 
the nineteenth century. Robert Ransome, of Ipswich, took out his 
first patent in 1786 to improve the plough; he was followed in 1812 
by Howard, of Bedford, and later by Crosskill, Marshall, Rushton, 
Fowler, and others, who have made British implement makers 
famous throughout the world. Given time and sufficient labour 
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the good British farmer using modern implements can accomplish 
wonders in the way of cultivation. 

Unfortunately, neither time nor labour is always available. 
Ploughing is possible only under certain w'eather conditions, and 
there are many days in our winters when it cannot be cairied out. 
Unless, therefore, a large staff of men a,)).d horses is kept, the work 
often cannot ]>e done in time to allow of sowing under the best 
conditions. 

The early days of the life of a plant play almost as important 
a part in its subsequent history as they do in the case of a child. 
Illustrations are only too numerous of the adver.se effect of being 
just too late for good soil conditions. One from our onm fields is as 
follows : — 





Yield of wheat 


Winli isiiiiiilcti'd 

■ Sts'd sown 

1910 



Unshcls per acre 

.lu'it 

in limn 

i Nov. 24, lOl.T 

2(>-8 

•Inst 

too late 

1 F<‘1.. 17. 191 (i 

19:5 


The farm-hor.se will nf»t be speeded u]>, but maintains an even 
pace of miles per hour. According to the old jdoughman’s song 
still surviving in our villages, an acre a day is the proper rate :■— 

We'vc> all jiloiigliod an acre, I’ll swoar and I’ll vow. 

For wo’ro all jolly followa tlial. follow tho idougli. 

But under modem conditions it is impossible to get more than 
three-quarters of an acre a day ploughed on heavy land, and the 
scarcity of teams threatened to bring arable husbandry into a 
hopeless impasse. Fortunately for agi-iculture, the internal-com¬ 
bustion engine appeared on the farm at a critical moment in the 
shape of the tractor, and has brought the promise of a w^ay out. 
The tractor has two important advantages over the horse. First 
of all, it works more quickly. Its pace is miles per hour instead 
of 2J miles. It turns three furrows at a time instead of one only • 
on our land it ploughs an acre in four hours instead of taking 
nearly a day and a half as required by horses. There is ho limit 
to the work it can do; even an acre an hour is ho wild dream, 
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but may yet be accomplished. It therefore enables the farmer 
to get well forward with his ploughing during the fine weather 
in late summer and early autumn, and thus to obtain the great 
advantages of a partial fallow' and of freedom to sow at any 
desired time. On our ow'n land our experieiv^e has been as 
follows: — 


Dates of completion of sowings of wlieat and oats. 


Year 

i Wheat 

(>ats 


! 1916 

.. ! Kebniarv 17 

(MoImt 10 

lIoracH only. 

11917 

.. \ March l<i 

., 17 

11918 

.. i .Taniiarv 29 

.. 1!7 

! 1919 

I Nov<‘n»lK*r lit) 

.. r. .. 

Tractor. 


Further, if the plo\igh is conectly designed and properly used, 
the tractor does the work fullv as well as horses—even the hors(‘- 
ploughman admits that. It therefore increases coitsideiably the 
efficiency of the labourer, w'hich, as we shall .see later on, might 
advantageously be raised. The cost of working is aj)par(>ntly less, 
though it is difficult to decide this until one knows w'hat the rej)aiis 
bill will be. In our case the cost is: — 


Cost of p)low)hin{i per acre, Autumn, 1919. 


j 

lly tractor 

Jly horaea 

Labour 

d. 

7 7 

H. (U 

io 2 

Mainteiianco .. 



Oil an<l jietrol .. 

7 8 


Depreciation an<l_nr|iairH .. 

0 :i 

— 


21 0 

32 8 

Time taken 

4 hours 

IJ days 


The internal-combustion engine is only just at the beginning 
of its career on the farm, and no one can yet foresee its 'develop¬ 
ments. It is being used at present simply like a horse, and is 
attached to implements evolved to suit the horse. But it is not a 
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horse ; its proper purpose is to cause rotation while it is being used 
to pull, and in some cases, indeed, this pull is reconverted into 
rotary motion. 

The second great method of improving soil conditions is to add 
manures and fertilizers. Farmyard manure is more effective than 
any other single substance ; it is likely to remain the most impor¬ 
tant manure, and if available in sufficient quantity it would 
generally meet the case. Realizing its importance. Lord Mveden 
generously provided funds for extended investigations at Rotham- 
sted into the c-onditions to be observed in making and storing it. 
This work is still going on, and is leading to some highly 
imjiort ant devclopnrents. 

Farmyard mamirc, however, is not available in sufficient 
quantities to meet all requirements. The chemist has long since 
come to the aid of the farmer ; he has discovered the precise sub¬ 
stances needed for the nutrition of the plant, aid prepared them 
on a large scale. Like cultivation, this is laigely a British develop¬ 
ment ; it was in Loidon that the first artificial manure factory was 
establislicd in 1842, and for many years the industry was centred 
in this country. The fertilizers now available are as follows: — 

Nitrogemvs. Nitrate of soda, nitrate of lime, sulphate of 
ammonia, and cyanaiuide (nitrolim). 

Plmphatic. Superphosphate, basic slag, mineral phosphate, 
guano, and bones. 

Potassic. Sulphate of potash, muriate of potasli and kainit. 

Agricultural chemists have worked out the proper combi¬ 
nations for particular crops, and obtained many striking results. 

Without using any farmyard manure they have maintained, 
and even increased, the yield of corn crops, fodder crops, and hay ; 
and in the two latter cases there has been an increase, not only in 
yield, but also in feeding value per ton. In spite of seventy years’ 
experience there is still much to be learned about the proper use of 
artificial fertilizers, and they may still bring about even fuller yields 
from tl i land. 

The yield of corn crops can be increased by artificial fertilizers, 
but not indefinitely; the limit is set by the strength of the straw. 
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As the plant becomes bigger and bigger, so the strain on the straw 
increases, until finally when the plant is some 5 ft. high, it cannot 
stand up against the wind, but is blown down. 

Little is known about the strength of straw. It is a property 
inherent in the plant itself, and differs in the different varieties. It 
is affected by the season, being greater in some years than in others. 
It is affected also by soil conditions. At present the strength of the 
straw is the wall against which the agricultural improver is pulled up. 
The problem can undoubtedly be solved, and the ifiant-brecder 
and soil-investigator between them may reasonably hope to find 
the solution. 

Another great effect of artificial fertilizers which has not yet been 
fully exploited is to mitigate the ill-effects of adverse climatic lon- 
ditions. Phosphates help to counteract the harmful influence of 
cold, w'et weather ; potassic fertilizers helj) the plant in dry con¬ 
ditions. The combination of a suitable variety with an ai>propriate 
scheme of manuring is caj)able of bringing about considerable 
improvement in crop production. 

A demonstration with the oat croj) on these lines u'as arranged 
last year in a wet moorland district and the crops when seen in 
August were as follows*: 



ENtimuted cro]i 



1 ButtheU 

i 


Local variety, local treatment .. .. 

i av 

Harvi'St late. 

Local variety, i^hoapbatic manuring .. .. 

i 45-04 

1 

1 

„ earlier. 

1 „ earlier. 

Special variety “ Yiclder,” piiusjihatic manuring 

54-00 

( Ktaiida uji well. 


The potato crop is governed by the same general principles as 
corn crops. It furnishes more food jjer acre than any other crop, 
but it is much more expensive to produce, and therefore is grown 
chiefly in districts where the conditions are particularly well suited 
to it: the Fens, Lincolnshire, the plains of Lancashire, and the 
Lothians, though smaller quantities are grown in almost every 
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part of the country. The production and consumption are as 
follows: — 


Potatoes: Annual frodudvon and consumption. 


C'OMSUMI’TIOK 


PnODUCTlON 


(i'5 iiiiltiuiis of acn‘ii 


lu England and Wales 


Pre-war 



nu4 

iins 

1919 

a-w 

4-20 

2-70 

0-4(i 

o-(i:i 

0-48 


In United Kingdom 
Pre-war 


1914 

1918 

1919 

7-ao 

9-29 

0-30 

1-20 

1-51 

1-22 


Wc arc thus self-supporting in the matter of ix)tatoes. "Vie do, 
however, import about half a million tons per amium of early and 
other potatoes ; we also export seed jwtatoes and some for food—in 
all, about one million torus per annum. 


(To be continued.) 




|iotes 

CONTRIBUTIONS FOR AGRICULTURAL INVESTIGATIONS. 

The Trustees of the Sir Sassoon David Trust Fund have 
made the following grants to the Bombay, Department of 
Agriculture :— 

1. A contribution of Bs. 6,666 i)er annum for three years 
for the investigation of the insect diseases of jowar {Afidropoyon 
Sorghum) and their methods of control. 

2. A contribution of Rs. 5,000 per annum for three years for 
the investigation of methods of improving poor grazing lands 
under Deccan conditions. 

3. A contribution of lis. 5,000 per annum for three yeai-s for 
the investigation of the eradication of the most serious weeds of 
cultivation, and especially of lamia {Cyperus rotundus). 

4. A contribution of Rs. 6,666 per annum'for three years for 
the investigation of drought-resisting, high-yielding varieties of 
food crops, and especially of bajri {Pennisetum typhuideum). 

5. A contribution of Rs. 2,000 per annum for three years for 
the study of the deterioration of cardamoms in the spice gardens 
of Kanara. 

6. A contribution of R«. 3,333 per annum! for three years for 
the study of the economic efficiency of agricultural implements in 
Western India, and its increase. 

7. A contribution of Rs. 5,000 for the investigation of the 
difficulties of potato cultivation in the Deccan. 

8. A contribution of Rs. 10,000 towards the cost of buildings 
for the rice experimental station at Karjat (Kolaba District, Bombay 
Presidency). 


• ( 4G0 ) 
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tHE ORIEKTATION OF THE BANANA INFLORESCENCE. 

There has always been a vague belief among banana growers 
that the orientation of the banana inflorescence is a thing that can 
be controlled. It was thought that the said inflorescence would 
appear either on the side of the plant where the cut surface of 
the corm is found or on the exactly opposite side. No scientific 
evidence for the belief existed. 

The evidence given below tends to show that the inflorescence 
appears on the side opposite to the cut surface of the corm from 
which it springs. 

In July 1919 the writer superintended the planting of an area 
of bananas in the Ganeslikhind Botanical Garden. This area 
measures 1^ acres and contains 550 plants mainly of Sonk^l and 
liajapiiri varieties. All conus were planted in the same way, 
namely, with the cut side facing north. It was hoped thus to 
protect the bunches from the southern sun, if the bunches came out 
on the north side. 

After three or four months all trees showed a slight inclination 
to the southern side. In the beginning of March 1920 many of the 
trees of the Rajapuri variety began to bear. In every case so far 
the inflorescence is toward the south. 

The inclination of the trees toward the south gave the writer 
an idea and he hastt*ned to test it by digging out the soil and exposiixg 
the roots of a couple of trees. In both the trees examined it was 
found that the cut surface of the corm had produced no roots, 
but that the roots were produced along the border of the cut surface. 
Hoots are, however, produced freely from the rest of the corm. 
This absence of roots from a great portion of one side of the corm 
means less firm anchoring on that side. As the tree sways with 
the wind it is conceivable that there is a gradual tendency to bend 
away from the weakly anchoied side. The banana inflorescence, 
when it appears, will, by the force of gravity, bend over to that 
side towards which the stem is already leaning. 

The number of trees now bearing is 64, and all the inflore¬ 
scences are bent towards the south. If all the others bend in the 
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‘same manner it would seem ttat there is some ground for the 
writer’s theory, namely, that the bending away from the side of 
the cut is simply due to imperfect anchoring in the soil. 

It is of course possible that this bending, all in one direction, 
may be due to some factor in the environment. This doubt can be 
removed by planting the corms so that each row has the cut surface 
opposite that of the next row. This would bring the inflorescences 
facing one another in every two rows if the writer’s theoiy is true. 

If the theory proves to be true, advantage can be taken of it 
to plant corms so that the inflorescence and the fruits will not 
suffer from the sun, or to plant them so that the Imnches face oiu; 
another between the rows and so can be easily watched.—{P. G. 
Dani.] 

* 

* * 

A NOTE ON llIiUOTHlS (CHLORIDEA) OBSOLETA, I'h., 

AS A PEST OF COTTON. 

During the course of investigation into the bionomics and 
incidence of Pectimphora (jossypiella now being carried on at Coim¬ 
batore we were surprised to discover IleUothis obsokia, Fb., was 
engaged in committing more havoc than Earim fabia, Ear las insularui 
and Pectinophora gossypidUi put together. As far as the wiiter is 
aware this is the first record of Heliothis obsoleta appearing on cotton 
in pest conditions. In America and in Africa it is a regular pest 
of cotton, but so far does not appear to have damaged this crop 
in India. 

At the time when most damage was being done, and the damage 
was considerable, not only was there about 15 acres of Bengal gram 
{Cicer arietinum) on the farm, but next to one of the attacked fields 
were some tobacco plants in seed. These latter were not touched. 
The gram crop was almost a total loss. Cambodia cotton appeared 
to suffer rather more than Uppam or Kurariyunni although the 
latter varieties were in the next field to the gram field. 

The Heliothis obsoleta larvae feed on the young green bolls of 
the Cambodia both from the outside, according to their usua^ 
habit when attacking gram, and also at times entered entirely into 
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the boll, and stayed there until they had eaten the entire contents. ‘ 
At other times a U-shaped tunnel would be driven through the boll. 
In other cases again the outer rind would be nibbled and then left. 
In nearly every case where the boll had been entered, a boll attacked 
meant a boll destroyed, unlilce F. gossyjnelh which does not always 
damage the whole boll. It was observed that before beginning to 
attack a boll, E. ohsoleta larva) would often spin a few threads of 
silk between the boll and the bracts. At first these threads were 
attributed to spiders until the time when larva) were seen at work 
spinning them. 

There is no doubt tliat if this change of habit (as far as India 
is concerned) on the part of //. obsolctu were ptu-sisted in, it would 
be a far more dangerous pest than either Earim or Pectinophora. ■ 

The attack was first noticed early in January and by the end 
of February all larvio had disappeared. A table is given below 
showing the amount of damage done. This table does not take 
into account the bolls and buds attacked and fallen to the ground 
as no trace of these could be kept. The bolls examined did not 
come from one field but from several fields at dilierent places on the 
Central Farm. 

It may be noted that one consignment of green bolls from 
Pollachi, distant some 30 miles from Coimbatore, also showed 
that U. obsokla was present in pest conditions. 




Pkhcdntaois uamaoku 


No. of boll'< 

Date 




Kkmaiu^s 

L'.xaniiiiod 

P. 

E. 

H. 



* 2,000 

10-1-20 

45-5 

2-50 

0-50 

C'5% of the bolls destroyed. 

2,000 

17-1-20 

1-1 

? 

1-80 


2,000, 

24-1-20 

0-5 

OO.'i 

110 

Increase of flowers and buds. 

2,000 

31-1-20 

0-3 

0-45 

3-73 


2,000 

7-2-20 

0-4 

0-40 

3-20 


1,000 

14-2-20 

O'O 

O-CO ‘ 

3-00 


1,000 

21-2-20 

10 

210 

0-.50 


1,000 

28-2-20 

1-2 

1-10 

nil 



P. —PidinopJtora giMsypicUa, 

E. —Euriaa sp.fabia aad insuktm. 
H. —Udiothit obaohUt. 

* Peroeutage of H. to E, and to P. 
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. The usual plants attacked by H. obsoleta in South India are 
red gram (Cajanus indicus), Bengal gram {Gicer arietinum), 
groundnut {Arackis hypogcea), tomato, maize, cholam {Andropogm 
Sorghum), tobacco. Cannabis saliva, linseed, safflower, lablab 
{Dolichos lablab). —[E. Ballard.] 

♦ 

PLANT HYGIENE. 

Increasing interest is being taken by farmers and commer¬ 
cial fruit and vegetable growers in science as applied to cultiva¬ 
tion. Both old established societies— content in the past with their 
practical knowledge of crop cultivation—and newly formed socie¬ 
ties—anxious to base their operations on scientific lines— are 
asking for lecturers who can demonstrate to them the advantages 
of the combination of theoiy and practice. The Ministry welcome 
such requests, and are endeavouring to meet them as far as 
possible. 

In the middle of January a lecture was deliveied in Norwich 
by Mr. G. C. Gough, B.Sc., an Inspector of the Miixistry, on the 
subject, “ Plant Hygiene in Relation to Crops.” Mr. Gough first 
pointed out that cleanliness is as importai’.t to plants as to human 
beings, and gave instances of the large losses sustained in this and 
other countries from the depredations of the pests and diseases of 
plants and crops. 

With regard to measures of control, the lecturer considered the 
subject under the four headings;—(1) Exclusion, (2) Protection, 
(3) Eradication, (4) Immunization. Under the first of these he 
dealt with the necessity of suitable crop rotation, whereby the 
succession on the sanre land of crops subject to the same pest was 
avoided ; the advantages of reasonable separation w'hen planting 
patches of such crops as bush fruit, in view of the possibility of 
epidemic outbreaks of disease ; and the need for care in the pur¬ 
chase of seed, bushes or fruit-tree stocks to avoid the introduction 
of disease. Mr. Gough emphasized the large extent to which 
nurseries and seed firms are involved in this question, and in pointing 
out that the grower deserves every assistance to obtain clean and 
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good material, he foreshadowed the probability of legislation to 
deal with this aspect of the matter. 

Under the heading of protection, the lecturer drew attention to 
the necessity of proper watering and ventilation for crops under 
glass, and the advantages of spraying and of soil sterilization as 
an insurance against the attacks of insects, fungi, etc. 

It is difficult to draw a line between measures of protection 
and of eradication, and certain measures included by the lecturer 
uruler the latter heading apply equally to the former. Under 
whatever heading they are included, they constitute some of the 
most important precepts of plant hygiene, and the danger was 
enqffiasized (1) of permitting the rubbish heap to become the 
manure heap, and thus the breeding place of obnoxious plant pests, 
and (2) of feeding pigs and other animals on diseased food plants 
that had not been boiled. The lecturer pointed out that the passage 
of finigus spores uiUiarmed, through the digestive system of animals, 
entailed their return to the land under conditions extremely favour¬ 
able t(> the vigorous recurrence of disease. 

lleferring to the question of pruning, the lecturer urged its 
importance from the point of view of the removal of diseased wood, 
as well as from the purely cultural standpoint, and pointed out that 
to pinne away diseased material without also burning it was but 
labour in vain. Mr. Gough also spoke at some length on the value 
of contact and poison insecticides and of the winter washing of fruit 
trees. 

Of all matters relative to plant hygiene, the breeding of varieties 
immune from disease jn-esents, perhaps, the largest field to the 
scientific investigator. The lecturer demonstrated by reference to 
those varieties of potato immune from wart disease that absolute 
immunity is an established fact; he pointed out the desirability of 
breeding varieties of crops immune from all the diseases to which 
they are at present liable, and also of combining this general immu¬ 
nity with good cropping and feeding qualities. 

M/hile it would be unwise to lose sight of the necessity of careful 
drainage, cultivation, manuring, etc., in the raising of healthy 
crops, attention to the measmes outlined by Mr. Gough will be of 
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increasing benefit to tbe grower and to the nation.— [Journal of 
the Ministry of Agriculture, March 1920.] 

* 

* * 

NEW SOURCE OF ALCOHOL. 

Much attention has been given in recent jears to the q\iestion 
of manufacturing alcohol within the Empire for n.se as motor spirit. 
In Vol. XVII, No. 3 (Jul}-8cpteral)cr 1919), of the Bulletin of the 
Imperial Institute, the possibility of utilizing the mowra {Bnsski 
latijoliu) flowers of India for the purpose is discussed. These 
flowers possess thick, juicy petals, rich in sugar. They are used 
by Indians as a foodstuff and especially for the preparation by 
feiTuentation of an alcoliolic liquor called daru or mohwa spirit. 
A single tree \\ill yield as much as 209-300 lb. of flowers in a year. 
The tree also produces a valuable oil-seed, which is exported in 
fairly large quantities to Europe. Duringthe war the flowers were 
used in India for the production of acetone, the yield being .said to 
be ten times as much as that obtained by distilling wood, which is 
the usual source of this substance. The demand for acetone in 
India in peace times, however, is not great, and large quantities of 
the flowers would be available, for the manufacture of alcohol, and 
would appear to be an exceptionally cheap source of this material 
as the yield is high compared with that from,potatoes and other 
materials commonly' used, about 90 gallons of 95 jx'r cent, alcohol 
l>eing obtainable from one ton of dried flowers. It has been esti¬ 
mated that in the Hyderabad (State alone there are already sufficient 
mourn trees for the pioduction ( f 700,000 gallons of proof spirit 
per annum, in addition to that necessary for the local liquor 
requirements. 

It is suggested that the most profitable way of utilizing the 
flowers would probably be as a source of mixed motor spirit of the 
“ natalite ” type for use in India. That motor spirit can be pro¬ 
duced on a manufacturing scale in India from moma flowers has 
already been demonstrated, and it is stated that running trials with 
the spirit proved satisfactory. 
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SUGAR from the DOUGLAS FIR. 

Surpassing in strangeness any botanical discovery made in 
recent times is that of a new source of sugar in the leaves of the 
Douglas fir, which grows in certain confined portions of the dry 
belt of British Columbia. Professor John Davidson, P-L-S., 
F.B.S.E., of the University of British Columbia, spent much time 
in the dry bolt region for the purpose of investigating the pheno¬ 
menon. Ue found that trees on southern and eastern exposures 
on gentle slops in the dry belt region of British Columbia lying 
between parallels 50 and 51, and longitude 121 to 122, ehiefiy 
yielded sugar. Jhe trees w'hich yielded were w'cll aparl;, thus 
recei\ing a good supply of sunlight on their leaves, a more plentiful 
supply of sunlight on their roots, and haviirg a better air circulation 
through them than trees in densely forested areas .—[ProdtiUion 
and Exjmi, April 1920.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS. 
MEETINGS AND CONFERENCES, ETC. 


His Ma,testy the Kintj-Rmi'Ekor’.s Biiithday Honours List 
contain.s the following luiine.s wliich will Ik* of intore-st to tlu* Agri¬ 
cultural Department 

C.S.I. Mk. B. P. Standen, ('.T.E.. I.t'.S., Commissioner, Central 
Provinces ami B»*rar (sometime Director of Agri¬ 
culture, Central ProviiUK'.s ami B(*rar). 

C.I.K. -'Ir. C. Hutciun.son, B.A.. Imprial Agricultural 
Bacteri(»logi.st. 

]yrR. \V. C. Rknoit, I.(..S., Political Agent, Bahawalpur 
Agency, Punjab (sometime Director of Agriculture, 
Punjab). 

* ♦ 

Dr. E. J. Butler, .M.B., F.L.S., Inj])erial Mycologi.st and 
•Joint Director of the Agricultural IR'search Iii.stitule, Pusa, 
has Iwen appointed sub.stantively pro tnopore to Ik* Agricul¬ 
tural Adviser to the (Jovemment of India and Director of the 
^Agricultural llesearch Institute, Pusji, with efiect from the 1st May, 
1920. 

* 

* * 

Mr. .1. Ma('KE.\na, M.A., C.I.E., I.t'.S., on leaving Simla to 
take Iij) hi.s appointment a.s De\'eloprn<nt (V>mmi8.sioner in Burma, 
resigned hi.s appointment .'is President of the Indian Sugar Committee, 
with efiect from the 26th April, 1920. Mr. F. Noyce, I.C.S., has 
l/<en appointed to the Piesidency of the Ceffroittfe with effect 
from the same date. 
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Mr. W. Smith, Assistant Director of Dairy Farms, Southern 
Circle, whose services have been placed at the disposal of the De¬ 
partment of Revenue and Agi-iculture, with effect from the 1st May, 
1920, is appointed Imperial Daiiy j^xpert, with effect from the same 
date, in the Imperial Department of Agriculture in India, 

* 

* * 

Mr. G. P. Hector, M.A., B.Sc., Officiating Imperial Economic 
Botanist, has l^en placed, with effect from the 1st May, 1920, in 
charge of the (mrrent duties of the Imnerial Mvcoloffist, in addition 
to his own. 

* 

♦ * 

Mr, W. Wynne Sayer, B.A.,- has been appointed Supemume- 
rar}* Agriculturist, with effect from the 20th ffimuary, 1919. 

♦ 

Dr. J. N. Sen, M.A., F.C.S., Supernumerary Agricultural 
{!hemist, has been appointed, with effect from the afternoon of the 
30th April, 1920, tc act as Imperial Agricultural Chemist during 
the absence of Dr. W. H. Harrison on leave. 

Mr. N. V. Josiii, B.A., M.Sc., L.Ag., First Assistant to the 
Imperial Agriciiltural Bswteriologist, has been appointed, with 
effect from the 11th April, 1920, to act as Assistant Agricultural 
Bacteriologist, vice Mr. J. H. Walton, B.A., appointed to officiate 
as Imperial Agricidtural Bacteriologist. 

♦ 

Hi IK 

Mr. a. L. SifFATHER, B.Sc., M.R.C.V.S., Director and First 
Bacteriologist, Imperial Bacteriological Laboratory, Muktesar, has 
been granted privilege leave for three months ind 24 days from 
the 17th April, 1920. 

% 

a|t a|t 

Mr. W. a. Pool, M.R.C.V.S., Offg. Second Bacteriologist, has 
been placed in charge of the current duties of the Director and First 
Bacteriologist, in addition to his own, during the absence on leave 
of Mr, A. Ia Sheather, with effect from the I7th April, 19^. 

7 
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Mr. a. C. Dobbs has been appointed to be substantively pro 
tempore Director of Agriculture, Bihar & Orissa, with efEect from 
the 6th January, 1920. 

* 

* * 

The services of Mr. G. Clarke, F.T.C., Agricultural Chemist to 
Government, United Provinces, and Officiating Principal of the 
Agricultural College, CavTipore, are placed at the disposal of the 
Government of India, Department of Kevenue and Agriculture, with 
efEect from the date he may be relieved of his present dixties. 

♦ 

i|c He 

Mr. P. K. Dey, who has been appointed by His Majesty’s 
Secretary of State for India to the Indixm Agricultural Service, has 
been appointed to be Plant Pathologist to Government, United 
Provinces, with efEect from the 1st March, 1920. 

* 

♦ * 

Mr. C. H. Parr, who has been appointed by His Majesty’s 
Secretary of State for India to the Indian Agricultural Service, 
has been appointed to be Deputy Director of Agriculture and to be- 
in charge of cattle-breeding. United Provinces, with efEect from the 
31st December, 1919. 

♦ 

it: * 

On the completion of his training at Lyallpur, Malik Sultan 
Ali has been posted as Deputy Director of Agriculture, 1st Circle, 
Gurdaspur, with efEect from the 6th April, 1920. 

♦ 

« * 

Mr. T. F. Quirke, M.R.C.V.S., Officer on special duty in 
the office of the Chief Superintendent, Civil Vt'terinary Depart¬ 
ment, Punjab, took charge of the duties of Officiating Chief 
Superintendent, Civil Veterinary Department, Punjab, with effect 
from the afternoon of the 22nd March, 1920, relieving Colonel 
J. Farmer, C.I.E., F.R.C.V.S., who proceeded on combined leave. 

♦ 

♦ « 

Captaw K. J. S. Dowland, M.R.C.V.S., Professor of 
Sanitary Science, Punjab Veterinary College, Inhore, assumed 
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charge of the duties of the Professor of Surgery, in addition to his 
own, on the afternoon of the 31st March, 1920, from which date 
Mr. E. Burke, Professor of Surgery, retired from Government 
service. 

♦ 

* * 

Mr. T. M. Doyle, M.R.G.V.S., has been appointed to the 
Indian (Mvil Veterinaiy Department, with effect from the 21st 
Marcl), 1920, and is posted to the Government Cattle Farm, Hissar, 
Punjab. 

* 

* * 

Mr. G. McElligott, M.R.C.V.S., has been appointed to the 
Indian ('ivil Veterinary Department, with efiect from the 27th 
May, 1920, and i.s posted to Madras as Second Superintendent, Civil 
V«‘terinuy Department in that Presidency. 

* 

* !l: 

Ml!. G. F. KeatingE, C.I.E., I.C.S., on return from leave, has 
been appointed Director oi Agriculture and of Co-operative Socie¬ 
ties, Bombay, vice Dr. Harold H. Mann placed on special duty in 
the same office till the (bite of his departure on leave. 

* 

* * 

Dr. 11. ir. Mann is gi iinted. with effect from the date of relief, 
combined letive for eight months. 

* 

* * 

Mr. T. F. .Main, B.So., Deputy Director of Agriculture, Sind, 
has been allowed, by His Majesty’s Secretary of State for India, an 
extension of furlotigh for six months. 

* 

♦ * 

Mr. T. Gilbert, B.A., Deputy Director of Agriculture, 
Southern Division, Borabiiy Picsidency, has been allowed, with 
effect from the 1st May, 1920, the amount of privilege leave due 
to him combined with three months’ leave on urgent private 
a£[airs. 
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Rao Saheb M. L. Kulkarni has been appointed to act as 
Deputy Director of Agriculture, Southern Division, Bombay Presi¬ 
dency, during the absence on leave of Mr. T. Gilbert, pending 
further orders. 

* 

)|C 9|c 

Mr. P. C. Patil, L.Aq., Deputy Director of Agriculture, 
Central Division, Bombay Presidency, has been allowed an exten¬ 
sion by two weeks of the privilege leave granted to him. 

♦ 

Mr. K. Hewlett, O.B.E., M.R.C.V.S., has been allowed by 
HLs Majesty’s Secretary ‘of State for India an extension of 
commuted furlough for four months. 

* 

♦ ♦ 

On return from leave, Mr. G. Evans, M.A., C.I.E., Deputy 
Director of Agriculture, Central Provinces, is posted to the Northern 
Circle. 

* 

* * 

Mr. C. P. Maya Das, M.A., B.Sc., Assistant Director of Agri¬ 
culture, Central Provinces, is confirmed in his appointment, with 
effect from the 18th May, 1920, but will continue to officiate as 
Deputy Director of Agriculture, AVestern Cfircle, Central Provinces. 

♦ 

* * 

Mr. R. F. Stirling, who has been appointed by His Majesty’s 
Secretary of State for India to the Indian Civil "Veterinary Depart¬ 
ment and posted to the Central Provinces, assumed charge as 
Second Superintendent, Civil Veterinary Department, Central 
Provinces, on the 8th April, 1920. 

* * 

Mr. a. McKerral, M.A., B.Sc., Deputy Director of Agricul¬ 
ture, Burma, has been granted privilege leave for six months, with 
effect from the 1st Jime, 1920, or the subsequent date on which 
he may avail himself of it, 
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Col. G. H. Evans, C.LE., C.B.E., M.R.C.V.S., Superintendeat, 
Civil Veterinary Department, Burma, made over and Mr. T. Reimie, 
M.R.C.V.S., received charge of the duties of Second Superintendent, 
Civil Veterinary Department, Burma, on the 16th April, 1920. He 
also made over charge of the office of Third Superintendent to 
Mr. C. J. N. Cameron on 17th May, 1920. 
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Notes on Improved Methods of Cane Cultivation.- - Ky U. Clarke, E.I.C., 
Naib Hussain and S. 0. Banerjee, Dcpartnu'iit of JAiud 
llecords and Agrkailture, United Proviuees ; 10U>, ])p. 2:1 j 10 
plates. (Allahabad : Government Press.) 

This little voIuhk' records tlu' results obtained a1 the Siigtireane 
lieseareli Station, Shahjalianpiir, where a large numlx'r of caiics 
have been under trial for several years. The possibilit ics ol iut(‘usive 
cultivation of improved sugarcane, selected to suit local conditions, 
have been dealt with at some length, and can easily be measured 
by the average yield of about 1(»0 maunds of (jur per acjc obtained 
at the station-over a number of years, as against maunds, the 
average yield in the United Provinces in 11)10-17. from tleshi canes 
by the ordinary methods of cultivation. Besid<“s bett(']' pre])aration 
of the land and the adoption of suitable methods (»f moistun' conser¬ 
vation and soil aeration, the authors advocate the sowing of sugar¬ 
cane in trenches 2 feet wide and 4 feet from centre to centre as the 
most suitable for thick and medium canes both as regards germina¬ 
tion and yield per acre. To obtain a good crop Ijy the8(‘ methods of 
cultivation, manure containing 120 to 150 lb. of iiitrogcm (e(piivalent 
to about 35 to 40 maunds of castor cake) is however required. This 
is the heaviest item of expenditure involved, but it is definitely 
stated that a handsome return has ahvays been obtained. The 
effect of liberally manuring the cane is not (ionfined to that crop 
alone : the residual nitrogen and the deep cultivation of the trenches 
effect a striking increase in the yield of wheat or other crops followed 
by sugarcane, and, to cite an instance, in the harvest of the 1919 rahi 
crop, maunds per acre of Pusa 12 wheat were obtained over a 
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field of 31 acres, with one irrigation only. The preceding crop was 
Mauritius sugarcane, which yielded 948 maunds per acre or nearly 
three times the ordinary yield of indigenous varieties. 

The intensive methods of cultivation have not, however, been 
so profitable with the deshi canes. Trials have shown that “ heavy 
manuring with nitrogenous manure generally gives rise with deshi 
varieties to excessive vegetative growth without a proportionate 
formation of sucrose or crystalline cane sugar and, moreover, 
delays the ripening beyond tlie time when crushing operations 
are possible.” The potentialities of even the best deshi canes 
in this part of the United Provinces appear to be very limited, 
bt't with deeper ploughing, application of small quantities of 
manure and growing pure races, the outturn can be appreciably 
inerea.sed. 

The advantages of using small power mills, in places where 
coitral factories do not exist, are also clearly dealt with, and the 
rotation of ei'ops followed at the Research Station is explained. 

Tliei<‘ can be no two opinions of the vital interest and importance 
of the problem of increasing tlie yield of sugarcane at the present 
tiuu' when the prices of both raw and refined sugar are ruling so 
high. The world's demand for sugar is continuously increasing, 
while its production by extension of area is not showing prospects 
of e(pnil increase. The best solutions of the v’^exed problem of 
meeting the increasing demand for it seem, therefore, to lie in 
increasing the yield per acre by better varieties and intensive 
methods of cultivation, conducted with scientific skill and care, 
and 1)} improved processes of manufacture. The United Provinces 
command about half the total area under sugarcane in British India, 
and there is a wide scope for introducing the improvements recom¬ 
mended by the authors of this voliune, esjjccially as it may now be 
safely assumed that at no time in the near future is the supply of 
gur or sugar likely to overtake the demand and that high prices are 
bound to prevail tor many years to come, with a correspondingly 
good margin of profit to the cultivator. The successful adoption 
of the methods, with regard to improved canes, is, however, depen¬ 
dent on irrigational facilities, capital and inteil^ent supervmon, 
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and will probably prove beyond tbe means of the ordinary cultivator; 
but we hope that the wealthier cultivators and zemindars of the 
provinces will seriously consider the possibilities and will take the 
lead in bringing about these improvements which will also 
ultimately raise the standard of agiicultural practice of the 
country. [Editor.] 

* 

* 

Agricultural Statistics ot India, 1917-18, Vol. I. Pp. 3214-2 
maps-j-9 charts. (Calcutta: Superintendent, Govt. Printing, 
India.) Price Es. 2. 

This annual volume is the thirty-fourth of the series started 
in 1886 with statistics for 1884-85, and has just been issued by the 
Department of Statistics, India. It deals with the tigures relating 
to British India only, and, like its preceding issues, is a source of 
varieties of useful information for all who take an interest in agri¬ 
cultural questions. Statistics are usually stale ; nevertheless, a 
study of this volume will be profitable to many. 

The actual area dealt with in this volume is 617,607,000 acres. 
After allowing for forests, buildings, water, roads, etc., we find 
that a balance of 387,799,000 acres or 63 per cent, remained available 
for cultivation, but the net area actually cropped during the year 
was 227,848,000 acres or 37 per cent, of the total area as against 
229,620,000 acres in the preceding year, a decrease of 0'8 per cent. 
If areas cropped more than once are taken as separate areas for 
each crop, the gross area cropped in the year amounts to 264,817,000 
acres. The area under food grains showed a decrease of 1,336,000 
and that under oil-seeds of 627,000 acres as compared with the 
preceding year. There was an increase of 386,000 acres under 
sugarcane and of 1,666,000 acres under cotton, attributed chiefly 
to the stimulus of high prices obtained in the preceding year. 

While it is admitted that the Indian figures of area are hard to 
beat in the matter of accuracy, the same, unfortunately, cannot be 
said of the figures of average and total yields. The importance of 
accurate agricultural statistics is, however, fully realized by the 
Departments of Agriculture and Statistics, and the whole question 



ttEVim^rs 


477 * 


received careful cCnsideration of the Board of Agriculture in India 
held in December 1919, at which the Depaiiment of Statistics was 
represented by its Director. Efforts are being made to arrive at 
more reliable figures of yields and it may be reasonably expected 
that, as time goes on, they will become more and more accurate. 
[Editor.] 
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SOMP: CjOMMON INDIAN BIRDS. 


iNo. 5. THK (!()1J)KN BACKKr) WOODPRCKEB {BRACHYPTERNUS 

AURANTIUS). 

nv 

T. BAINBRIOfGE FLETCHER, R.N., F.L.S., F.E.R., F.Z.S., 

Imperial Entomologixt; 

AND 

0. M. TNC.LIS, F.Z.S., M.B.O.U. 

Many of the roads on tlie Pusa Estate being well bordered by 
trees, it is a common ex|)erience to hear the quickly-repeated tap¬ 
ping sound of a woodpecker as it digs away with its beak at a branch 
in which it has perceived the presence of some wood-boring insect. 
If the noise is traced to its source, it wnll usually be found to origi¬ 
nate from a. medium-sized bird coloured in black and golden-yellow 
and with a bright crimson crest, which may be seen clinging to the 
bark with its powerful claws, supported by its short stiff tail, and 
hammering away with its short, stout, chisel-like bill. This bird is 
the Clolden-backed Woodpecker (Brarhyptemm avrantim), which’ is 
common throughout India and Ceylon, from Sind and the Punjab to 
Eastern Bengal, ascending the hills to about three or four thousand 
feet, but not apparently known from Upper Assam or Burma or in 
the Duars. It is generally seen singly or in pairs and often one may 
be seen following the other from tree to tree. In ^ylon it is 

( 481 ) . I 
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accompanied hy the Eed-backed Woodpecker {B. erythronotm), which, 
as its name implies, is distinguished by having its hack crimson, 
whereas in B. auranthis the hack is golden-yellow or orange. Where 
both species occur together, it is probable that they hybridize 
occasionally. As regards other species of woodpeckers with which 
this one may bo confused, the Common Golden-backed Three-toed 
Woodpecker (Tiga javanemift) is extremely like this bird and only 
markedly ditTers in wanting the hallux (inner hind toe). Tickell’s 
Golden-backed Woodpecker {Chrysocoloftes gvttinksta/vs) has also a 
very similar coloratimi but on account of its very much larger size is 
less likely to be mistaken for B. aiirandm than is Tiga jaranemis. 

The Golden-backed AVoodpecker is an extremely handsome bird, 
which Dewar briefly descrilies as liaving a l)right crimson crest, 
top of head black, sides of head white with a numl)er of black lines 
and streaks, upper back golden-yellow, lower back and tail black, 
wings black and golden-yellow with some white spots. The female 
differs from the male in having the top of the head black with small 
white triangidar spots; it is shown peeping around the tree in our 
Plate. Unfortunately, like tin* Indian Holler, its voice is not in 
harmony with its plumage, its call, which is often uttered on the 
wing, being a loud harsh scream. Like the Holler also, it is rather a 
noisy bird. 

Like all woodpeckers, it is an extremely skilful climber, seldom 
or never perching crosswise on a branch but clinging, always with 
the tail downward, to the stems and branches of trees, which it 
usually ascends and descends diagonally. Tlie flight is undulating. 
It is seldom seen on the ground but occasionally descends b) feed on 
ants which seem to fonn an appreciable jnojKution of its normal 
food, this consisting almost entirely of insects, largely ants varied 
with numerous small beetles, caterpillars and bugs, to which buds 
and fruits may occasionally be added. I’he late (!. W. Mason ex¬ 
amined the stomachs of sixteen birds throughout the year at Pusa 
and found 3,921 insects of whicli tlie gi-eat majority were ants, and 
it is notable that only one of t hese sixteen birds was found to contain 
longicom beetle larvae, although observation renders it certain that 
thjs bki^ does feed to some extent on wpod-boring insects, which its 
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long, worm-iilce, extensile tongue, armed with a many-barbed homy 
tip, is so admirably fitted to extract from their burrows after these 
have been laid open by the vigorous blows of the strong chisel-like 
beak. In Eastern Bengal it is stated to feed on the larvae and 
pupae of Hofloceramhyx spinicornis, a longicorn borer pest of sal 
{Shores rohnsta), and in Madras it is stated to be very partial to 
toddy-palms, which may be due to the fact that these trees are 
infested by Ori/ctes rhinoceros and Rhyncliophorns Jerniyinem. At 
Pusa many of the dead sissu Irntnches, at which one sees this wood¬ 
pecker tapping away are infested with a tree-living termite 
{Coplotermes //ew/a‘) and, although Mr. Mason’s stomach-records do 
not support this, it is probable that this termite may provide a certain 
proportion of its food. As is the case with so many of our common 
Indian birds, it is wonderful how little we really know about its 
daily life. However, from the little we do know, we are justified in 
counting the Holden-backed Woodpecker, with all its kindred, 
amongst the fanner’s friends. 

Like other woodpeckers it nests in a hole in a tree, often in a 
mango tree in No:'thern India ; in Bihar nests have been found in 
rmingo, litchi. sissv and siris trees. In Ihe Southern part of its range 
it breeds froni February to June but in the Northern part it breeds 
from March lo July, courtship being of a rather rough and ready 
fashion, punctuated by liarsh screams. The glossy white (delicate 
salmon-pink when fresh and unblown) eggs, usually three in number, 
measuring about 28 millimetres long by 20 broad, are laid in a hole 
excavated in a tree by the parents or more frequently in a natural 
cavity to which merely an entrance has been made by the birds. 
Dewar states that “ woodpeckers seem to excavate a new nest every 
year,” but we are not aware how far this is the ca.se. Woodpeckers, 
however, are very apt to desert any nest-hole that lias been interfered 
with at all. We have many times found them to do this even when 
no chipping was done to enlarge the hole, the only interference 
being by means of a thin twig. Sometimes also they only partly 
excavate a hole and then leave it for another site. The nest-hole is 
about two and a half to three and a lialf inches in diameter and 
usually runs in horizontally for about three to six inches and then 
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turns downwards. When the do^uiward shaft is bored by the bird 
it is rarely more than eight or nine inches deep with a chamber of 
some five or six inches in diameter, but when tlie bird cuts into a 
natural cavity in the tree the egg may l)e found two or three feet 
below the entrance. No regular nest is formed, the eggs being 
laid on a few chips of wood. The young, when first hatched, are 
naked but assume the sexual coloration with tlie first feathers. If 
caught young, they may be trained to a diet of “ sa//oo ” Avith 
some soft fruit and occasionally some insects. , 

In Bengal, Burma, Madras. Bombay and Assam this bird is 
protected by law throughout the whole year 


For the jnu’posr of tlicsu palters I havt* ii.sutl i his I Id- ''pDcitir nnnu* tmmutiK - 
given in tito Fauna of India voluinr. 'Pin* roruM t i-ain*' i'*. houtT«T, MjipnmUly ntihah 
niidur which name it wa*; firsf (Jcscrihc*! 1»y Idniui iis in iho truth (siitiMn of tlu' St/dt/na Sainrai 
(l7oS; |>j». 113^114), in whicli IImtc ih no mention of any sju cir'- uiuiri th(* mom- laironh'ns. 
The Fauna volume quotc'^ the t\.clftli e«liti<m (17t4»i ns the anthorit s tor aumnlius ain! in n<ja\‘ 
f'UsiJi ;I })nv>‘not hatl aocc.t.'j tothi'^ fshtion, hut ni tljc thirternth •‘tlifion. r/litrd hy (tinrlin in 
I7HM, tliirt birtl is r<f<‘iTr«l to (\'ol. I, pp. 433-131) iimlrr the nanio fu ntjnU wtnUi 

auranfias i.s lecoidtNl from the (’ape of (omkI Ifopr (f.r,, p. t3t>). Xot heiriij: an orniflioh^gi 
ami not- having accioss to the mr* -sary literal lire. 1 do not propom* to do more than j»oint • 
that Linn. (]75>^) is fipparentl'. tht'eoiTeef, name for the (<*ohlen-baeked Wotni 

pi^cker.—T. IL V.] 



THE EGYPTIAN COTTON PROBLEM. 

A Rhi’OHT TO THE EGYPTIAN GOVERNMENT. 


1»Y 

II. MARTIN LEAKE, M A., F.L.S., 
iJircdor of AiirL uUure, United Pwviiux’Jt. 

Tn NovotiiEer 1918. 1 iwcived nn iiivitalion to visit Egypt to 
ropoil on the siep.s fo Iw taken 1)V the (lovernnientof that country 
for tlie inaiiitenance and improvement of the quality of Egjqhian 
cotton and tlie increase of iLs yield. 1 visited the ((aintry on my 
Way home ip tlie spring of 1919 f«.)r the ])ur})f>se of making prelimijiary 
en(|uiries and, on my return journey, spent some thiee mouths 
duiing the cotton season in the cotton-gioAving districts. 

'File results of my enquiry are embodied in the report here 
published. In many respects, economic, practical and scientific, 
the jnoblems encountered in the growing of cotton hi Egypt are 
fundamentally different from the problems presented in India. 
Nevertheless there are points of similarity and it is possible that 
the report may lie of some small value to those interested m the 
Indian problem ; 1 am indebted to the Egyptian Government, for 
jiermissiou to publish it in this Journal. 

1 cannot let pass the opportunity which here presents itself 
of expressing my great indebtedness to all those persons with whom 
I came into contact in the courae of my visit and enquiry, especially 
to Mr. J. Langley, Under Secretary of State for Agriculture, and to 
Mr. E. Shearer, who is known to many of the members of the 
Agricultural Service of this .country as a former member,- for their 
unfailing courtesy and ever ready assistance. 
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486 AGRICULTURAL JOURNAL OF iNDlA [XV, V. 

Introduction. 

In letter No. 383-4-1-3, dated the 19th May, 1919, of the 
Ministr}' of Agriculture, I was asked to present a report embodying 
my “ recommendations with a view to the maintenance and improve¬ 
ment of the quality of Egyptian cotton and the increase of its yield.” 
The existing qualities are definite and possess a material extant 
physical basis. The question of their maintenance, thus, offers 
a definite concrete problem. The same is the case with the question 
of yield; and the improvement of the yield consists in the very 
definite and material fact of an addition to the return obtained 
from the acre or jeddan* No such definiteness attaches to the 
third problem laid before me, that of the improvement of quality. 
Quality is a relative tejm and the nature of quality, gO(;d or bad, 
depends on the use to which the material in question is put. Those 
uses may vary from time to time and it is necessary, therefore, to 
study these uses and to form an idea of the probable tendencies in 
what we may term the economic aspect before it is possible to 
decide what will constitute an impiovemcnt. 

There are, in fact, two directions from which a problem such 
as is presented by cotton production may be approached. We may 
ignore, for the time being, the economic, and concentrate on the 
agricultural aspect. In so doing, we should com'ontrate on the 
biological and physical problen)s involved, on tlie biological side, 
endeavour to ascertain that plant which will give the maximum 
return under the uncontrollable conditions of the environment, 
and on the physical side, attempt so to modify the controllable 
conditions of that environment, that tlie plant wdiich we have 
chosen may develop to the full. Or we may commence with the 
study of the economic aspect, endeavour to ascertain the uses to 
which the raw product is put and the characteristics which give to 
that raw product its commercial value; to form an idea of what 
characteristics are most desirable in as far as their possession is 
likely to increase the value of the raw material which possesses them 
and, having arrived, as far as may be, at a definite conclusion on 


• 1 Ftddan=li,(3l2A gq. yard*=l'04 acre. 
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this matter, we may attempt to arrive at that standard by means 
of biological investigation. 

The former method assumes an adaptability in the market for 
the raw material which must be praclically unlimited. This assump¬ 
tion may be true, or almost true, oi certain agricultural products 
and in such cases the method may be safely adopted. It is in no 
sense, however, true of the cotton ijidustry which is built up of a 
number of very specialized sections the raw material of one of which 
is unsuited, or even totally useless, for the. purpose of another. 
This method is here, thereiore, inapj)licable and we a]‘e forced back 
on a study of the, ecoiKanic side of the cjuestion if we are to discover 
the fundamental conditions on which it will be ])ossible to ljuild 
a sound snperstructiue of biological investigation. My own personal 
experience lias hitheito lieen restricted to the so-called short 
staple cottons of whicii the underlying economic conditions are 
fundanicntall}^ different from tho.se of the Egyptian cotton, and 1 
have, therefore, devoted some time and trouble during my stay in 
England in visiting Lancashire and investigating the economic 
aspect of lilgyptian cotton. Such an inve.stigation is es.sential 
to a correct formulation of those recommendations whit;h are the more 
immediate object of my mission. 1 projmse to commence the report 
by formulating the results of that investigation. Such procedure will 
simplify the expression of subsequent recommendations inasmuch 
as it will indicate the objective to which they are directed. 

I. 

The most prominent feature of the cotton industry, even in 
that strictly limited section which makes use of Egyptian cotton, 
is its diversity. Even among the spinners of Egyptian cotton are 
to be found users who have specialized on certain classes and who 
prefer those classes to any others. In many cases they may, and 
do, use other classes but such use is definitely a substitution use, 
dependent on such questions as limitation of supply or relative 
price, and is not willingly adopted. There is thus a definite, 
and natural, conservatism in the trade which opposes free inter¬ 
change between classes even when such interchange is practicable. 
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The problem of Egyptian cotton is, therefore, not a simple one; it 
is, on the contrary, a complex of problems. The unit is a single 
class which, under normal conditions, meets a particular demand. 
The value of that class is, to a certain extent, determined by the 
relation between supply and demand within the class itself and is, in 
part only, subject to the influence of the relation between total 
supply and total demand. It may actually occur tiiat the sjjinncr 
will pay less for an intrinsically superior cotton, in the sense that 
it will spin finer yarn, than for an inferior one. 

We have here, 1 think, the first consideration that must Ik* 
clearly borne in mind when approaching the problem from the ]jro- 
ducers’ standpoint. Production is, and must continue to be, diverse. 
Not only so, but the various classes require to be juoduced in quanti¬ 
ties approximating to the relative demand. Only so will the full 
intrinsic value for any particular class be realized. TJie argument 
applies equally to tlie lower, as to the liiglier, qualities ; ove-juoduc- 
tion within the class leads to a low, while under-juoduction leads 
to a high, price. The step from over-, to under-, ])roduction is, 
fortunately, sufficiently large owing to the flexibility of the maiket 
and this flexibility we must now consider a little more in detail. 

The substitution of superior quality cotto)) to do the weak of 
inferior can, naturally, be more readily adopted tlam the re\’erst‘ 
process. The market, therefore, shows greatest flexibility in this 
direction. But such substitution will only take place, in the absence 
of any large shortage in total supply, when the price of the su]:x*rit)r 
quality renders the proposition a paying one financially. Such 
conditions only hold good when the price of superior quality is 
relatively low or, in other wmds, when the superior quality is fefi hing 
less than its intrinsic value. Such a condition implies a definite 
loss to the producer. In a country like Egypt, which possesses a 
monopoly in the production of certain classes of cotton, this probably 
implies a considerable total loss since the reduction in price affects 
the entire outturn of the superior quality and not merely that portion 
which is used as a substitute. The rapidity with which Bakel has 
replaced other forms in cultivation in Lower Egypt affords an 
instance of this phenomenon. There is no doubt in my mind that 
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the production of Sakel is far in excess of the demand for the manu¬ 
facture of those types of thread for wlnV ii it is peculiarly adapted. 
Its use lias, therefoie, been extended to other lines for whicli it is 
not so pre-eminently suited and such extension has been effected 
at the exjiense of the producer in as far as Sakel is worth less per unit 
than it would be were only sullicient available to meet the needs of 
that market which requires the qualities peculiar to Sakel. The 
present demand is, in fact, a forced one due to the laid that, even at 
the dejireciated prici*, tlie money return for the unit area of produc¬ 
tion is greater than that given by any otlu'r form. 

That, however, is an illustration of one form of market flexibility 
merely. There is another, and more subtle, one the effects of 
which are harder to diagno.se and .still more difficult to fore.see. 
I may illustrate this again by reference to 8akel. It was pointed 
out to me that the large increase in the consumption of Sakel 
coincided witli the enormous develojanent in the production of voiles, 
for the manufacture of which it is jae eminently suited; it would 
appear, therefore, that, Init for this coincident development, of a 
demand and of a nusuis of meeting that demand, the price of Sakel 
would be lower than it is. We must, however, be careful to dis¬ 
tinguish between cause and effect heie. There appears to be little 
doubt that the sudden sup]>ly of a class of cotton particularly 
adapted to the manufacture of voiles is, in itself, in large measure, 
respon.sible for the demand which has aiisen for that class of cloth. 
'I'he demand for that material is largely artificial, depending as it 
does on fashions, and is cajiable of stimulation or the reverse, 
and it would a]>pear that the power of directing the demand in 
such matters lies largely in the hands of the cotton trade. This 
form of flexibility is ail to the good, for it means that the trade is in 
a position, to a ceiiain extent , to test the qualities of any new 
form of cotton, to ascertain the classes of goods for which it is parti¬ 
cularly suited and to stimulate the demand for that class of goods. 
We must, however, beware of pressing the po.ssibilities in this direc¬ 
tion too far. Cotton is not. merely the basis of goods which have an 
artificial value due to fashions. In many cases the use ta which the 
cloth is to be put will dictate, within very close limits, the qualities 
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that the cotton must possess. Notably we may instance the doth 
which is used for aeroplanes and for motor tyres. Here no such 
flexibility is possible, for the demand is, in no sense, artificial. This 
case is particularly pertinent in the case of Eg 3 rptian cotton, for it is 
Egyptian cotton which has l)een found to satisfy this demand more 
nearly than any other. 

This brings us to our second conclusion ; the production of 
new cottons is desirable and the trade is sufficiently flexible to 
absorb and develop markets for them. But caution must be exer¬ 
cised in their introduction. An initial higli price obtained for a 
small initial bulk may be due to special adaptability for the produc¬ 
tion of a particular class of goods the demand for which is small. 
If that high price stimulates largely increased production the price 
will fall even to make cultivation unprofitable. Especially is it 
necessary to distinguish betw'een cottons which possess an intrinsic, 
and those which possess an artificial, value. The former require 
special care in maintenance. 

So far w'e have confined ourselves to the broad issues as indi¬ 
cated by the characteristics of the trade in general. When wc come 
to a more detailed consideration of the process of manufacture we 
find a new series of phenomena have to be considered. We need not 
here go into all the characteristics which go to make up a good 
spinning cotton. W^e have seen that diversity is essential to the 
trade; that it is desirable to produce different classes of cottons. 
The difference between these classes will, however, include most of 
those characteristics, such as length, strength, fineness, etc., which 
affect the behaviour of the cotton in the mill and the particular 
features of any class will be due to the exact form such character¬ 
istics take in that class. But beyond this, the spinner requires 
something more, something which is not a physical character ef the 
cotton itself in the sense in which length, or strength, or fineness, 
or twist can be considered such. He requires what is usually known 
as uniformity ; that is, a low range' of variability in each one of those 
characters which go to make up the spinning value of a cotton. 

Herein is to be found the third consideration to which we are 
led by oiur inquiry from the manufacturers’ point of view. While 
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diversity of class is required, uniformity within the class is of equal 
importance. 

The value of cotton is dependent, however, on other character¬ 
istics than those which affect its behaviour in the mill, and the more 
important of these is colour. The importance of colour lies in the 
fact that Egyptian cotton, till recently, possessed a characteristic 
brown colour by which it was distinguishable at a glance from 
othe’’ cottons. The point was recognized by the trade and the 
colour imparted to the cloth was accepted as a ready means of deter¬ 
mining the fulfilment of contracts the specification for which included 
the use of Egyptian cottoji. Such a ready method is valuable and 
there exists a natural conservatism in favour of the retention of 
that colour character. Coloiu: has, however, no further significance. 
A premium will, for a time no doubt, be paid for colour owing 
to the lag which finds its basis in such conservatism. But here, 
again, the market is flexible and is capable of adaptation to the 
supply. 

1 have so far dealt with the trade aspect of Egyptian cotton 
in its present day form. It is, as must be the case with any highly 
organized manufacture involving highly specialized mechanical 
adaptations, very conservative. When, however, we are concerned 
with problems the solution of which may take years to accomplish, 
it is desirable to attempt, however imperfectly, to forecast the 
probable future demand. Such an attempt 1 have been at some 
pains to make during my visit to Manchester. The problem is 
complex and it is impossible to dogmatise. Nevertheless there 
appears to be a distinct opinion as to the general trend of this demand. 
This I will attempt to outline. 

The complexity arises from two considerations. In the first 
place the trade is, as we have seen, so highly specialized that prices 
are affected by the relation of supply to demand within the class, 
and it is not possible to deal with the Egyptian crop as an entity. 
We must go lower lhan this to find the unit. Secondly, the monopoly 
which Egypt has hitherto possessed as the sole producer of special 
classes of cotton is gradually passing. Recently cottons which 
possess the characteristics of Egyptian have been produced in the 



492 


AORICXTLTURAL JOURNAL OF INDIA 


[XV. V. 


dry zones of America. Mesopotamia, again, and possibly Sind 
offer fields which may develop into rivals of Egypt. The monopolist 
position is, thus, already threatened and there is little doubt that 
it will at no distant date cease to exist. Such widening of the source 
of supply must inevitably .affect the balance which now exists 
between the various chusses of Egy})tian cotton. 

I may also refer to yet another asj)e(tt of the cotton trade 
w'hich is likely to have a bearing on the future demand. Eg}7)tian 
cotton ranks second among the world’s cottons and is only siupassed 
bv the so-called Sea Island, the main sourc(‘ of which is certain 
of the Southern States of America and the \\'est Indies. "The Sea 
Island crop is what is known as a highly s})eculative one ; it has a 
narrow basis in that its cultivation is restricted to a relatively 
.small tract and, from economic, as well as natural, cause's, the 
.supply is a jnecarious one. Not only is it more' trouble.some to 
cultivate, set that the extra price baeely comjtensates ieir t het e-xtra 
labour and expemse inve)lve?el in the cultivatieiii, but that e ultivation 
is restricted to the more* humid ami trojtical trae-ts in wliieh the 
risk of sudden letss thretugh jtests anel elise-ase‘s is givatly enhane e’el. 
The niargin ejf pretlit is. thus, insullicient to cetmjtcnsafe' for the* e*xtra 
risks invetlved. anel the teneletiey is for the e*ultivatie»n to diminish. 

These facts all have the*ir Ite'aring em the Egyjttian jtretblern 
and, while they indieate an increasing cetmpet itioii fretm etutsiele 
sources in the markets for the jtiesent standarels e>f Egyjttian cotton, 
they also indicate a probable reeluetion in the supply of Sea Jslanel. 
The cetncliLsion, it is true, is highly .speculative but the tenelency 
is there and is sufficiently clear to justify the attemjtt to develop a 
cotton which will be cajtable of taking the place of Sea Island iii the 
future. 

From the point of view of demand for goods manufactured 
from the highei* grades of cotton I have found the opinion widely 
held that this demand is large though, at the j)resent time, mainly 
potential. It is a demand capable of absorbing any amount of the 
best staple cotton Egypt is likely to. be in a po.sition to offer, 
and of absorbing it at its full relative value. In other words, the 
trade is sufficiently flexible to develop a demaPd equal to any 
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supply that can be offered. That this opinion is correct cannot, I 
think, be doubted, but it requires to be qualified in certain 
directions if tlic interests of the grower and dealer in raw cotton 
are to be adequately guarded. 

The oyunion has been expressed in the course of discussions 
on this subject lhat the facts do TU)t support this view of the poten¬ 
tial demand. Tt has been instanced that a .short crop of Mit 
Affifi in one year has led to the realization of a high relative price 
for that season's produce and that that price has reacted in the 
following year in a largely increased crop which, in its turn, has 
resulted in a heavily d»'preciated price. That experience is, no 
doubt, true ; but it hardly justifies the conclusion which some 
would attem])t to draw from it. It lias already liecn pointed out 
that, owing to specialization in machinery and also to the necessity 
ffir experience in working a particular cotton if the be.st results 
are to be obtained from it, spinners are, as a rule, con.servative. 
They will pay a premium for a chess to which they are acciestomed 
rather than change to anot her class, if the shortage which is respon¬ 
sible for that, jnemium is of a temporary nature. The spinner, 
at lea.st, knows what he can do with that cotton and his lo.ss is, at 
most., limited to the amount of the premium he has to pay. The 
loss with a new cotton is le.ss definite depending, as it does, on the 
speed with which he attains familiarity with its peculiarities in 
working. There is, thus, a definite time factor in such arguments 
the effect and importance of which must not be overlooked. 

Before willingly making any change in his raw material, and 
this is merely another way of saying before he will overcome his 
natural conservatism, the spinner requires to bo assured that the 
produce to wliich he turns will be available in sufficient and regular 
supply. Without such assurance, he will only accept the alter¬ 
native under com})ulsion. For like reasons new })lant, such as 
is required to meet the expanding needs of the industry, whether 
as extensions to existing factories or as new ones, will be adapted 
to handle the most assured supply capable of producing that class 
of goods for which the fa(dory is designed. There is, consequently, 
a lag in the prodfess of adjustment, an interval between the placing 
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of any new class of cotton on the market and the realization of its 
full intrinsic value, partly, no doubt, due to the fact that it takes 
time for the particular merits to be appreciated but, also, very 
largely due to ignorance of the potential supply. It is true that 
cases are on record of an immediate and rapid extension of the 
supply of a new class of cotton; this is true of Sakel, but such exten¬ 
sion here takes place in spite of that lag which is none the less opera¬ 
tive though its operation is masked. There is little doubt in my 
mind that it is possible that, nay more, that many instances have 
occurred in which a polejitially valuable crop has been lost through 
too rapid development. The supply has been increased more rapidly 
than the demand, time has not been afforded to permit a general 
recognition of the special characteristics to develop and the full 
price has never been realized before the crop is condemned and 
passes out of cultivation. Neglect of the time factor is here respon¬ 
sible for the loss of a valuable improvement. 

II. 

I may now attempt to extract from the above brief review 
of the economic conditions, which are of influence in determining 
the value of the raw material of the cotton trade, the fundamental 
considerations for the development of a sound policy on the part 
of the producer. And here 1 may note that it does not necessarily 
follow that the interests of the individual producer will coincide 
with those of the producing community. We are, in reality, in the 
latter case, concerned with the solution of an algebraic problem, 
namely, to find the values for m, n, p, etc., which will give the 
maximum value to the following expression: 

amx 4- hny + cpz -i- .where 

a, b, c, . are price units, x, y, z, . yield 

units, and m, n, p, . the number of the units produced of 

each of different classes A, B, C, . In the case of 

Egypt where the limits of area of cotton cultivation are for the 
moment practically reached, we have the further consideration 
that 

. m + n + p + . =&a constmit. 
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The problem, so expressed, is clearly incapable of accurate 
solution owing to the large number of variables ; but the attempt 
is necessary if the maximum value is to be realized for the crop. 
The need of a solution, if only an approximate one, is especially 
necessary in a country like Kgypt in which practically the entire 
wealth of the country is due to the one crop with which we are 
concerned. 

If. further, the interests of the individual producer are to 
be protected, yet anucher algebraic problem must be solved. It 
will hero be necessary that 

ax = by = cz = . 

Unless this condition is fulfilled, supposing, that is, that 
ax > by > cz- . 

the producer of B and, still more, the producer of 0, will be placed 
at a disiulvantage as compared with the producer of A. Under 
such conditions, unless local conditions exercise a selective influence, 
the cultivation of B, and, to a still greater extent, of C, will diminish 
while the (;ultivation of A will extend. The only alternative is the 
eliTiiination of the economic factor and for Government to control 
the proportionate cultivation oi the different classes—a procedure 
hardly conceivable when such control must react to the detriment 
of a proportion of the individual producers. 

We have here indicated the first problem to be s<tlved with rela¬ 
tion to cotton growing. Diversity is an essential requirement and 
such diversity will only be maintained if 
ax = hy = cz - . 

The absolute solution of this problem, the equalization of the 
money returned by unit areas under the various types of cotton, is 

not possible, for the relative values oi a, h, c, . vary 

from year to year. An aj)proximate solution only can be attained 
and may be sought in two directions. The various types which 
yield the different classes differ not only in regard to those lint charac¬ 
ters which give these cottons their distinctive features, but they differ 
in other characters also. These characters we may term physiolo¬ 
gical, thereby implying a difference in reaction to environment. 
Egypt, in spite of its comparative uniformity in this respect, is really 
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uniform neither in elimate nor in soil, and these differences are, 
in all probability, sufficient to meet the diverse physiological needs 
of the various types. It is more than probable that it will be found, 
in fact it is found, that the type which is best suited to one set of 
conditions will not be the one best suited to a second ; and it will, 
thus, be possible to demarcate type tracts in each of which the 
cultivation of that type which responds best to the local environment 
can be encouraged. I do not overlook the work that has already 
been done in this direction ; the jioint is apjueciated, notably in 
the case of Ashmouni in U])])er Egypt, but 1 am inclined to think 
that a large scf»pe still remains for Avork in this direction on a 
systematic and predetermined plan. 

8uch investigation is definitely agricultural and it may, even so, 
be found that though the yield of B may be increased relatively, 
and even exceed that of A in certain areas, yet that increase still 
leaves the product ax greater than %—still leaves, that is, A the 
more profitable crop. To meet such a case the possibilities of the 
second method of equalizing the money value must be investigated. 

It has been repeatedly ])ointed out that the commercial cottons 
of Egyy)t are impure ; that is that, they consist of a mixture of a 
larger or smaller numlier of ty])es. together Avith a considerable 
admixture, of crosses betAveen these tA-])es. ft is to this admixture 
that the deterioration of quality, so noticeable^ in most Egyptian 
cottons, and even that striking jdienomenon of the definite limit 
to the life of any particular variety, is attributable. In such a 
mixture the total yield is clearly an aA^'rage one, certain of the 
component types yielding more, and others less, than the average. 
Also certain of the types Avill be belter, and others less, adapted in 
thcii' physiological reaction to the local environment. I'he replace¬ 
ment oi the mixture by those component types, or that component 
type best adapted to the environment, can have only one result, 
the raising of the unit yield from that of the mixture to that of 
the best of the component types. This method is what is commonly 
termed selection and we may conveniently consider here the third 
point raised in discussing the economic aspect, the need for uni¬ 
formity, as w^ell as the question of unifoimity just referred to. 
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I have had occasion to observe tha-t lint diversity, such as exists 
l)Ptween the different classes of cotton, is, in practice, associated 
with a. different physiological respf)nse to environmental conditions. 
The converse is equally true ; mixtures such as compose and yield 
the main class('s of cotton contain ty])es which not only exhibit 
these physiological differences hut also lint differences. (Selection 
>\'ithin the limits of the present accepted classes, thus, is not limited 
in scope to the isolation of what, we may term physiological types. 
It may, and should. In- also directed to the isolation, in a condition 
of juirity. of those types yielding lint most nearly ap])roximated to 
the class standard, 

Deterimation has been repeatedly referred to as if it were 
a condition inlau-ent in the ))lant. I'he particular variety is, in 
this vi(‘w, suj)posed to possess a more oi' less definite ,span of life 
after which degeneration .‘•ets in and the lint product gradually 
deteriorates in quality. The woid is un.seientiti(^ and, as com¬ 
monly and loosely a])plied, prol(al)ly covers a number of phenomena. 
But, in as far as it implies a degeneration in the jdaut, it is unsound 
and finds jio basis in fact. The cotton plant is notably freely 
cross-fertilized and the presence of a shigle impure plant in a field 
is capable of producing, iji the course of a few seasons only, a degree 
of in)2jurity which will suiprise, and hardly be credited by, those 
who are unfamiliar with the phenomenon. Given initial purity 
and adequate [uotection from chance cjoss fertilization this explana¬ 
tion of degenerat ion will be found to be fallacious. In selection and 
propagation under conditions which adequately meet the ever¬ 
present tendency to pass from purity to impurity, will be found the 
means of maintaining the uniformity desired by the spinner. 

There remains the third desideratum expressed in the second 
conclusion at which we arrived above—that for the development of 
new classes of cotton ; in other words, the introduction of an addi¬ 
tional term into our algebraic formula. The history of the Egyptian 
cotton plant is a comparatively recent one and is too well known to 
require repetition in the pages of this report. The point I desire 
to emphasize here is the presence of the Sea Island plant at some 
stage of the parentage. We are at present too ignorant of the 
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‘ unit factors ’ on which the various lint cliaracters depend, to state 
with certainty that those factors vdjich are responsible for the special 
spinning qualities of the Sea Islajid cotf(»n are hred out in their 
entirety. It is still possiJtie that these exist here and there; it is 
even possible tliat they coninicmly exist in the present types of 
Egyptian cotton but are suppre,ssed, masked or inliibited. Under 
the conditions of the EgA'ptian cotton field witli the mixture of 
t^’pes now prevalent, and witli unlimited })o.ssibiiities for cross- 
fertilization between these, it woi^Jd not l)e a matter for surprise 
if. now and again, such combinations should occur which will permit 
the re-expression of those characteis. The s})oradic occurrence of 
such ‘ throw-backs ’ is not unknown, and there is reason to believe that 
their ftc'currence is still taking })lace at the presoit time- the 
history of the origin of Sakel with its su])e)'i(*r length is evidence 
in this direction. Here again selection is the means of preserving 
and cstaldi.shing any such variations as may occui', but it is a selec¬ 
tion whicli differs somewhat in form from that jueviously rehuTed 
to. The latter can be undertaken within the limits of an ex])eri- 
ment station, for what it is desired to .select is known to exist, 
but in the former the entire area under cotton becomes the labora¬ 
tory through which the search must be conducted. 

The above method for developing new classes of cottoji may be 
termed undirected, for we are dependent oii Hccid*-nt for tlu'ir 
appearance and merely, so to speak, gather tlie rose-lnul offered to us 
wliile we may. The development may, however, be directed. For 
successful development of the directed method we must form a clear 
mental impression of what it is desired to produce; select, as 
parents, those plants which, in one or more of the characters 
concerned, approach most nearly to that ideal and attempt, to 
combine these in a single individual. It is the method commonly 
referred to as hybridization. Success will only be obtained if a 
number of conditions are fulfilled. Ihirity of stock is essential 
and, therefore, preliminary selection to obtain that purity is 
necessary ; also clear recognition of the factors on which are 
based those characters which we desire. The path is strewn with 
difficulties not the least of which is the exact determination of 
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the ideal, but these difficulties arc not insuperable with sustained 
effort- 

We have here considered the methods to be adopted for the 
introduction of a lu'.w term, or new terms, into the algebraic 
expression giveii above, and it may be argued that, if the new 
term conforms to the conditions of equality we have outlined, the 
advantage to the country from their introduction will be nil; while, 
if it does not, the already existing t}q)cs must disappear. The 
argument is sound, but we must not forget the economic conditions 
affecting tlie fjucstion. Were these constant, it would be very 
doubtful whether it would be. desirable to attempt the production 
of types yielding a lint superior to those already in existence. But 
economic conditions are nof (onstant, notably, as we have already 
indicated, Egypt is losing her position as a monopfdist, and such 
loss must inevitably lead, in the long run, to a reduction of the 
profit obtained from the standard classes of cotton produced by 
her at the present time. She will then be forced to ‘ go one better ’ 
than her competitors in prodmingfi ner qualities than she has 
hitherto done or to accept reduced revenues. It is a very real 
danger that exists and tlie presence of this danger makes it necessary 
to at1em])t the evolution of new classes. We may express the 
point in another way; while we do not look upon the multiplication 
of classes as a means of largely increasing the value of the crop, 
for qualities superior to the best Eg;\q3tiau cotton have, at the 
present time, but a limited market and any premium obtained 
in the early years of low production would soon disappear when that 
production is largely increased, we do consider that their development 
is a necessary and vital insurance for the future. 

The expression of the problem in the algebraic form given 
above brings into prominence certain other aspects which we must 
now consider. We desire that the sum 

amx + hny + cpz 4 . 

shall be a maximum while maintaining equality between the values 
ax, by, cz, . The latter desideratum requires further con¬ 

sideration in the light of what we have just said. This equality would 
be necessary to maintain diversity if the country were uniform; 





600 


AGRICULTURAL JOURNAL OF INDIA 


[XV, V. 


but it is not. Tlie difference which exists h-etwe^n the various 
types of cotton plant in their pliysiological response to environment, 
render it more tlian probable that, while r/x may exceed % in one 
tract, the reverse will be the case in anotliei-. S\ich con si d(‘ra lions 
will lead to the development of type tracts and the efpiality indicated 
will only develop a practical asjject in those bord(*r tiacts wheiv 
the type of cotton to be grown will be determined by the extent of 
the demand for the alternative classes of cotton these types produce 
and by the area already under those types. W’e must, therefore, 
qualify our earlier statement as to the need for e(|nality in the 
value of the produce from a unit ar(“a. This has no general, but 
rather a local, significance. 

Reverting to the main ])idblem. Ave have studied (‘»‘itain metho<ls 
which are directed to the end. Tlaw aim at the production of 
increased yield by purification of the croj) and b\ (hmiarcatiou of tyjie 
areas; at the production of increa.sed price through (h‘velo|tment of 
uniformity in the produce. A\e dejiend hei-c' on certain features of 
the environment which are selective, that is. features to which the 
different types react differently. There is. howev(‘r. anotlu'r series 
of environmental phenomena which aie not to the .same extent 
selective; of such a nature are the more imjiortaut pe.sts of the 
cotton plant, especially the boll-Avoim. Again much imjiortance lias 
rightly been attached to the height of the Avat<y table dm* directly 
and indirectly, through tlie canals, to the jise of the Nile. Lastly 
there is that series of phenomena Avhich Ave may include under the 
general designation of cultural—the effect, on yield of dill'eient 
spacings, different methods of culture, and such like. With these 
questions, beyond recognizing their importance^ and emphasizing the 
necjessity for making adequate provision for their study in any 
serious attempt to face the cotton problem as a whole, we have no 
concern. It must not be forgotten, however, that, such problems can 
be approached from both sides. On the one side is the plant, in 
the first case reacting to an insect and in the second to physical 
condition of the environment; on the other is the insect and, within 
limits, a controllable physical state. Not only do the insect 
and the physical condition require to be studied but also the plants’ 
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reaction to these stimuli. In the first case, concurrently with 
entomological investigation, wliich has, among other facts, indicated 
the seasonal character of the epidemic, efforts require to be made 
to break the present coincidence between the period of the main 
cotton harvest and the season of the maximum development of 
the jK'st. This may be effected from tlie plant side and a beg inn ing 
has alicady been made to stimulate early ripening. It remains, 
howeser. to investigate the i)()ssibilities of evolving early maturing 
types, 

I'lie second j)n>blem is mainly jdiysical but here, again, comes 
back ultimately to the plant, its water requirement and the depth 
to wliich the root jicnetrates. In all its bearings the field of investi¬ 
gation is a wide one and the fringe has, as yet, only been touched. 
Ajiart from the jntrely jihysical aspect there is a large opening 
lor physiological investigation. 

Such problems as have been outlined in the last few paragraphs 
are mainly directed towards increasing the value of the yield units 


r, //, . 'riiere remains the question of the price units 

a. l>, e . Kvidcnce is accumulating to show that the 


quality of a cotton is diiectly affected by the conditions under 
which the ])lant which produces it is grown. It is, no doubt, true 
that, under the normal conditions of cultivation, these conditions 
are sufficiently uniform and that even the extreme conditions 
found here diverge so little from the nomial that the quality of 
the cotton is barely affected. Nevertheless it is not without import¬ 
ance to determine the point at which such effect is begun to be 
felt and to ascertain which are the chief environmental conditions 
concerned in jiroducing the effect noted. The importance of the 
pos.ses.sion of such knowledge is emphasized if, as seems probable, 
cultural control aimed at the development of early maturing is to be 
adopted. The investigations here referred to cover a wide field 
of pure }jhysiological research. 


{To be continued.) 





THE EXCRETION OF TOXINS FROM THE ROOTS 

OF PLANTS. 


HY 

J. N. MUKERJI.B.A . R.So, 

First Assistant to the Imperial Afirieultnral Vhe.mist. 

Some years ago tlie late Mr. Fletclier. when Dejmty Dii-eetor 
of Agriculture. Bombay IVesiclency. ])ut ibrwai-d (-('rtaiii experi¬ 
mental evidence* which led him to the conclusion that cro]) |»lants 
excrete substances from their roots which are toxic to other 
specie.s as well as to themselves. This conclusion was based u})on 
both field experience and the results of ex])eriinents by means of 
water cultures, but the latter were performed with ordinary well 
water and without any control tests, and the method ol ex})eriment 
led to a considerable concentration of this water and a corresjuaiding 
concentration of the salts present. 'J’his being the ca.'^e, it was felt 
that the evidence was not conclusive and that'a n'petition of the 
experiments under more stjingent (■onditi(jns was de.sirable. With 
this object in view, Mr. FIetchei'’s scheme of ex])eriment was 
repeated, with the exception that a .synthetic nutrient solution was 
substituted for the well water, and “ control tests ” were introduced 
to check the results. The nutrient solution used was that of Knop 
and had the following composition Ca (NO,;),. 4 grams; Mg80^ 
7H'0 1 gram ; KNO;, 1 gram; K(fl 0’5 gram; FeCb, traces, 
dissolved in 7 litres of distilled water; the total salt concentration 
of this solution being O'll per cent. 

A large number of wheat, Cajams and gram seedlings were 
grown in this nutrient solution, and at the end of a certain period 


^ Mem. of Dept, of Agric. in India, Sot, Her., II, No. 3 

. ( 502 ) 
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the solution was allowed to evaporate spontaneously until its volume 
was reduced to about one-eighth. Tlie “ blanks ” were allowed to 
evaporate to one-third to one-fourtli the origipal volume. Jars con¬ 
taining tlie nutrient solution but l^earing no seedlings were also 
treated in an identical manner and constituted the “blanks.” 
Seedlings were then introduced into these concentrated solutions, 
supposed to contain the excretions of plant roots, and the progress 
of crops grown in them was recorded. (For brevity these various 
concentrated solution.s will be called • wheat water,” " gram water,” 
etc;.) The observations recorded are set forth in the following 
tabular statement. 
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From the above table it is evident that, in general, the seedlings 
grown in “ wheat,” “ grain ” and " Cajunus ” water throve better 
tlian in the - blank ” test solution and that seedlings grown in distilled 
water fared best. Jdiese obscavations led to the conclusion 
that the positive residts obtained in Ui\ Fletcher’s experiments 
were probably due to the concentration of the ssdts present in the 
well water and not to toxic; excretions. ’I’liis is confirmed by an 
estimation of the “ total sedids ” in the solutions obtained in the 
present series of experiments, the values for which are set forth in 
Table 11. 





604 


AGRICULTURAL JOURNAL OF INDIA 


[XV, V. 


Table II. 


Water 


Total solids in prams jjcr 100 e.c. 


(1) “ Wheat " wat<T 

(2) •• Cnjniiui " water 
(2) *• Gram ” water 
(4) " Blank " water 
(•>) “ Distilled” water 


0154 
0-220 
t»-;lS2 
nil 


Tims tho concentration of “ Itlank ” water in wliich tlie seedlings 
grew the worst is the highest, whereas the best results were obtained 
ill the distilled water, and the rt'sults obtained fi’oni the other 
wateis are intermediate in cluiracter and cijijtroximately jtro- 
portionate to the concentrations. These relationshijis tire clearly 
shown by the graph below, wlu'rt* the ordiiifite represents the jieritKl 
(in day.s) after which withering of the seedlings coninienced. and 
the abscissa the concentration of total .solids in grams per ](»(> c.c. of 
“wheal,’ “gram” and ‘'Cajaniis'’ water. It will be ob.served 
that the withering in ca.se of all three crops was hastened with the 
increase of concentration of total .solids. 
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In Mr. Fletcher’s original experiment, 18 to 28 litres of well 
water (including those added ff)r water evaporated and transpired) 
Was used in each case and this was finally reduced to a volume of 
1-2 litres by evaporating at ordinary temperature. 8ome idea of 
the concentration of salts thus brought about can be obtained from 
a refeitmce to Table III wliich gives the average comjjosition of the 
three well waters of the Dharwar Faun (one of which was used by 
Mr. Fletcher for his experiment), during December 1907 to May 
1908, the period covered l)y the experiments. 


Table 111. 



•N 

t.. 1 

Xo. ]l 
Korlilia well, 

1 )liai'«ar 
I'urm 

No. Ill 

.Mineral salta, i)iirts i.er lon.nrc 

tlo' r 

wll in 

Pukka well iu 
t 111 ' old area of 


ol 1 

»liarwar 

Jdmiwar 



ann 


Eanii 

Calcium eat'l.'.nalc 


I!)-10 


1-m 

^u!J^l^ate 


0'!IS 

or.(i 


Maniu'.'-'ium eaiId.iiale 


4'.'iU 

4 <18 

lain 

.'iilphat" .. 


0-20 i 

o-6:i 

, , 

„ elilnii'l' .. 


l-l.t , 

1-45 


.Sodium ^u^|lhate 


1' i.-i ; 

4-(i;t 

27-77 

cailiouate 


2J)7 

5-S5 

15-56 

iiicarliomite 



OlV) 

14-17 

,, chlori'lf 


2-0!l 

2-47 

17-0.7 

iiitiale 


Mi> 

J-2:! 


I'otas.'iium ehloridc 


(l-lio 

OGI 

0-06 

„ uiirate 



0-2.'. 


'lorAl. MI.T^ 


C.-4 1 

1 

.■!KI14 

!»5-H0 

I’he concentration of total .s( 

)lids 

ill the 

above waters varies 


from .35 to 95 ]tarts per 100.000. Taking the mean concentration 
as 56 parts per 100,000 or 0 050 parts per 100 c.c.. the concentra¬ 
tion of the .solution (about 23 litres reduced to a volume of 1'2 
litres) used in the original experiment for the final water cultures 
approximates to (0'050 x 20) or D12 parts per JOO c.c., a value 
much higher than is attained in the experiments now under 
consideration. 

The influence of nutrient solutions, covering a wide range of 
concentration, upon the growth of young plants has been studied 
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by Sachs, Knop, Nobbe, Seigart and many others. In 1860 
Sachs 1 proposed the first standard formula for a nutrient solution 
in which he grew maize, bean, and beet, and concluded that the 
optimum concentration for maize a})peared to be about 0’3 per 
cent. An investigation of the o})tinunu concentration for a modified 
Knop’s nutrient solution was rep<trted by Nobbe and Seigart - for 
seedlings of barley and buckwheat. 'J'he total salt concentration 
used here ranged from O-Ooto TO per cent., and it was noticed that 
in low concentrations (O'O.'S, Od and 0-2 per cent.) long ajid thickly 
haired roots developed, wliereas in solution ap})roaching tin* ** highest 
concentration, the main roots were sliort and the laterals and root 
hairs poorly developed, ^riiese writers found the juniod of the 
life-cycle nearly pro])ortional to the total concentration of the 
nutrient solution employed and ])laced the ojdimuni strength of the 
latter at 0 3 per cent, of total salts. In 1866 W'olf-* also investi¬ 
gated the solnthai eni])loye<| by Nobbe for the growth of laickwheat. 
He concluded that a concentration of total salts from 61 to 0-2 })er 
cent, was the best for Indian corn and wheat. 

Studying the effect of the cemcentration of nutrient solutions 
on the growth of wheat. Breazeale^ concluded that concentration, 
independent of any changes in the chemical or nutrient properties 
of the solution, seemed to be. important in determining jdant growth. 
He placed the best concentration for wheat, seedlings at 0't»3 ])er cent. 
In 1906 Osterhout^ called attention to the importance of })hysio- 
logically balanced nutrient solutions. He concluded, in general, 
that the effect of increased concentration of any given nutrient 
solution, beyond a certain limit, leads to a toxic effect by some or all 

* SuchH, .f. “ WKctatioiisVi-iMiiclKs mit (I.-.h HixU'iis iilfiT dii! Niilu’.stoflc mid 

SnnstiKPii Krnnli-ninaHliediiiauiiKcn vm Mnis, Hohiic mul amlcriu Cflanzcn.'’ Laiidu'. 

2. 2I9-2i)h, ls<> 0 . 

* Nobbe, anil .Seigart, T. " neifiuiie znr I’fl inzeiK iiUmc in Wii-saeiiijen Niilir.stofT- 
losuugon. I. L'elier die conccnlriition der Ntdirstoaiosmig.'ii. ' Liindii:. Vcruiichitil., 0, 
19-15, mi. 

® Wolf, K. T. “ Ue|)]iig(j vcgetHtioii in Wes.si!rgeii Losimgen dor NiilirHto(Tc.’' Luiidxe, 
VcTanchnnt., 8, 1S9-215, Ddd. 

* Broazeale, J. F. “ Kticet of tbe concentration of (lio nutrient solution u|inn wlicnt 
cultures.” Sciena:, N. S., 22> 146-149, 1906. 

** Osterhout, W. .1. V. “ On the importance of pliysiuloaically balancial solution for plants. 
II. Fresh water and terrestrial plants.” Hot. (Jus., 44, 269-272, 1907. 
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of the component salts present in the solution or the further addition 
of new compounds. 

The investigations of Sachs, Seigart, Nohhe and Wolf, indi¬ 
cated above, all tend to place the optimum strength of tJie solution 
at 0‘3 per cent, of total salts. The .-.trength of the solution in Mr. 
Fletcher’s experiment works out approximately to 1T2 percent., 
a concentration which no doubt would prove toxic to any plant. 
From Table III, the concentration of the solution, in the original 
exjjeriTuent (if well water No. Ill had been used) with regard 
to sodium salts, works out to (»-34 ]>er cent, sodium chloride, O'tiOper 
cent, sodium carbonate and bicarbonate, and O'oG per cent, sodium 
sulphate. All these ligures taken together exceeds the minimum 
weight ])er cent, which (’oiipiid found toxic to wheat plants in his 
experiment. 'I’Ik; ]>resence of an alkaloid, whii h Mr. Fletcher inferred 
was the character (tf the excreted toxin, could not be demonstrated 
in the present ex])erinient.s, and, consequently, it is only po.ssiblc to 
conclude that, the effect which had been ascribed t<.» toxic excre¬ 
tions an*, in reality, (hie to the high concentration of salts in the 
S(dutions em])loy((l in the final stage's of the experiment. 

* lli'iii'i (.M. •• Siir la loxiOto il(‘,s ouinixj-o-'(K'soiliuiii, <lf iiolas.'^ium at ili' rainrtio- 
iiiiim a, 1 ui'aril ilo.s \cj;etaux siijM'iieiirs. " Aiiiiaki Aijroiiomiquc^, XXVI, 570—.77. 



A PRELIMINARY NOTE ON THE IMPROVEMENT 
OF ORANGES.* 


BY 

K. I‘. snKIVAsT,VV\, 

Off</. Emiuniili' Rnhiiilsl, ('culinl Prornu'cs. 


The N/ig))itr “Santara ” lias more than a provincial reputation. 
It is reinarkalile for its juiciness, flavour, and sweetness, and is for 
this rea.son in demand all over India. Statistics show that the 
cultivation of this fruit has lieen .steadily increa.sing, hut the methods 
adopted by the cultivator are generally conventional, with the result 
that a Citrm survey undertaken .some lime ago indicated that the 
fruit was gradually deteriorating both in (juality and yield. 

In order to find out the lines of impnivement best .suited to 
local conditkms a series <.»f e.xjierimeiits was start<-d in the Botanical 
Garden in 1913. This jiaper pre.senis a brief outline of the results 
achieved. 

The soil selected is the usual loamy .soil commonly found in 
Nagpur Di.strict. E.xperience has already demon.strated to the 
cultivator that the soil best suited for orange cultivation is a well- 
drained .soil containing a large projiorthui of lime. The experiments, 
therefore, aimed at gaining information regaitling 

(1) Stock and nursery. 

(2) Lifting of budded plants, ])acking, etc. 

(3) Pruning. 

(4) Manures. 

(5) Irrigation. • 


* PttiHT read at the Seventh Indian Soienoo Congiune, Nagpur, 1U20. 
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Stock and nursery. 

Orange trees are ])rop{igated by means of Imdding. Seeds for 
raising the stocks are sown in the liot weather during March or April, 
and the young seedlings aie (it for transplantation in the monsoon 
after the first showers of rain are ()v»>r. The rat«' of development 
of the orange tree after planting depends to a great extent mi the 
condition of the stock used. Healthy stocks, one imd-a-half year 
old, have been found to be the most suitalile for budding. The 
fields in which the seedlings for stocks are planted should have g(jod 
drainage. The root systmn in badly drained fields is much im])aired, 
and ]»lan(s raised in such lields seldom recover from the ill effects 
of water-logged conditions. Different varieties of stocks were 
planted out in j)re])ared ])its on the actual site of the exjierimental 
ru’chard in heavy black cotton soil. Settling of the .'■oil in the pits 
accomj)ani('d by a heavy monsoon caused considerable water-logging. 
This had a (U'jire.ssing effect on all the slocks employer! tliougb the 
stuntr'd growlh in the first yeai from which many iK'ver recovered 
was much mm'e marked in certain stocks than in others. It was 
found that the stocks of Jmuheri. AUora lime and Ala/ialuiiga were, 
hardier than those of Sweet-lime, Pumelo and Sour-lime. Sweet- 
lime suffererl most, in Nagpur and AVardha Districts two kinds of 
stocks are gmierally userl, riz.. (I) Jawberi and (2) Sweet lime. There 
was Ji belief among orange-growers tliat the oranges produced on 
stocks of Jamheri were bigger in size but possessed a rough skin; 
while tho,st‘ raised from stocks on Sweet-lime produced smooth and 
tight skin oranges. It was ri'ported, too, that orange trees budded 
on Janiheri grew more vigorously than those budded on Sweet-lime. 
Experiments were, theiefore, started to see the effect of budding on 
different stocks. 'I'he following stocks were raised and budded in 
all cases from the scion of a tx'jjical Nag])ar orange tree;—Citron 
long (Alalialunga), Pumelo (Chakofra). Jamheri, Wild lime, Sweet-lime. 

During the first year the gronih of the plants budded on 
MaJudutiga was the c|uickcst and that of Pumelo W’as second to it; 
while the Jamheri and Sw'eet-lime came next in order. 

During the second year the plants budded on Jarnteii't over-took 
the Pumelo and equalled the Mahalunga. Jamheri continued to grow 
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more vigorously and now heads the whole series. The Mahalunga, 
Pumelo, and Sweet-lime now show more or less equal growth. This 
is the first year of hearing. 

The fniits produced on Mahahnga are big in size and the skin is 
thick and loose. The segments inside are distinctly large, somewhat 
loose and full of sweet juice. The great defect, however, is the 
looseness of the skin. The fruits on Jantheri stock are on the whole 
bigger than those produced on Sweet-lime and the skin is looser and 
shows a greater amount of roughness. The fruits produced on 
Sweet-lime, although smaller, have smoother and tighter skin than 
the others, though there are undoubtedly other factors which affect 
the looseness and character ot the skin. 

It ap])ears tlierefore that the nature of the stock plays an 
important part and that the future success of an orange garden is 
largely influenced by the early develo}>ment of the stock and the 
type of stock employed. 

Lifting of the bi’dded tlants. 

Obseivalknis in the method employed by local cultivators in 
lifting budded plants for planting out in the orchard indicatc'd that 
these were far from satisfactory. Witli a \icw to minimize labour 
and trouble, the ordinal)' grower digs out a number ot plants lapidly 
with a fork. lie then takes them one by one, attaches a small ball 
of earth round the roots of eac h plant and tics it up with leaves. 
In some places the more intelligent cidtivator simply digs out a 
small ball of earth containing only a few roots of the plant, but in this 
case also a groat majc)rity of the roots are carelessly cut off. It 
was found that the plants lifted in either of these ways tocjk a very 
long time to establish themselves, while several never recovered from 
the injury suvstaiued by the careless cutting away of their roots and 
died off or remained stunted all their life. ►Several methods of lifting 
were tried. The best results were obtained by lifting the plant by 
digging the earth round it in a slanting manner, so as to obtain a 
more or less conical ball of earth enclosing the main roots, tlie base 
of the cone being above and the apex below (Plate XXVI, fig. 1). For 
a two-year old plant a conical ball of eartli about 6 inches high and 
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from 3 to 5 inches broad at the base was found to be most suitable. 
Superfluous roots should be cut clean with sharp pruning scissors and 
painted with the following ointment; 3 lb. resin, 1 lb. beeswax, and | 
pintlin.secd oil, melted together, and stirred till properly mixed. This 
ointment has been found to be very luscful. It was used whenever a 
surface was cxj)osed and the wound healed rapidly and prevented 
injury by insects, fungus, etc. Next to lifting, packing requires as 
much careful attention. It is neces.sary to tie a piece of sack cloth 
firmly round the ball of earth, tlius securing the soil and preventing 
the ex])o.surc of roots by the loosening of the earth even when carried 
to long distances. Plants thus lifted and packed have travelled well 
throughout India. It may be interesting to note that a few plants 
were thus paclced and sent to Baghdad which they reached safely 
and where they are now said to be doing well. 

Pruning. 

The local orange is rarely touched after planting beyond the 
removal of stock suckers. The result is that most of the trees 
dev elop in a semi-bush form with 2, 3 or more branches on the 
ground h'vel. In our experiments in tlie garden it was decided 
to grow the trees as standards, and with this object in view all l^-teral 
branches to a height of li feet to 2J feet from the ground were 
pruned off before planting (Plate XXVI. figs. 2 and 3). A certain 
number of trees were allowed to grow on the usual lines (Plate 
XXVI, fig. 4). The value of attention to pruning in the early 
.stages of the plant and the building up of a standard in the lines 
indicated above, carrying 3-5 main branches at tire point of forking 
.selected, lias been mo.st marked. Early juuning in thi.s fashion 
produces a well shaped tree with a much bigger fririling tendency. 
In addition, fruits are more easily picked, insects have less chances 
of shelter, and intercultivation is not interfered with. 


Manitre.s. 

With a view to find out the best combination of manure for 
the orange tree at a given cost, a series of experiments dealing with 
'nitrogenous and non-nitrogenous manures was started. Of the 
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jiitrogenous manures, tlie following were experimented witii; 
cattle-dung, green mamire, (vistor cake, mohn'd htfijolia) 

refuse, and calcium nitrate. The cross dressings consisfeci of tli(‘ 
mineral fertilizers - superplios])hate, potash, and superj)hosphate 
comhined witli potasli. The MM'ight of the mamue given to ('ach 
tree varied with the kind of manure and the comhination used, hut 
in every ease the cost was ke})t limited to the fixed money value. 
.■\.s the result of the disturbing effect of the war, the juices of tla* 
manures in the market varied from year to year; but fVtrour experi¬ 
ments the value was kejd fixed and mainlaiiH*d throughout lor 
ealeulatious. 

In the first year each tree received two annas wortli manure, 
rising by two annas every year to ten annas in the hit)i year when 
thev were fully grown and vere in bearing. 

The manures were analysed and the jjeicentage of nilugein 
phosphoric acid and ])otash was calculated in each case behac 
applying to the tree in order to adjust them to the iLxed money 
value. 

As recommended b}' Hume, young trees were given a feitilizer 
containing G per cent, of phosphoric acid, 8 per cent, of potash, and 
4 per cent, of nitrogen, while the fully grown trees receiAcd 8 ].)er cent. 

12 per cent, of potash, and 31 per cent, of nitrt)gen throughout 
the experiments. 

The effect of the nitrogenous manures on tlic vegetative giowt.h 
and fruiting of the trees is now quite distinct, '.riie lines c»f trees 
which were treated with mohwa refuse are the most prominent. 
The foliage on these trees is dense, deejj green, the branches arc 
abundant, and the yield heavy. The trees treated with castor cake 
come second, and the rows of trees treated with cattle-dung and 
calcium nitrate stand third in order. Thus, to date the organic 
forms of nitrogenous manures fairly easily procured appear to be the 
most effective. 

The effect of the mineral manures so far cannot be said to be 
clearly noticeable; but their action in the flowers and in the fonna- 
tion of fruits is being watched in order to deduce definite results. • 
The experiment will thus have to be continued for a few seasons more, 
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and \t VyW tlaen \)e po^Me to arrive at definite com-lusions as to the 
nutritive and productive value of each kind of manure used and 
their effect on the life of the plant. 

Irriuation. 

The economy of water is of great, importance,for the success 
of the orange garden. The right method of giving water at the 
proper time saves mucli waste in water and allows the plant to develop 
vigorously. The local practice of irrigation is expensive, wasteful, 
and not beneficial to the tree. The ordinary cultivator waters the 
tree by making a saucer shaped circular pit at the base of the 
tree. The pits are generally 4 inches to (5 inches deep and have a 
diameter of about 3 feet. Tlie water stands round about the trunk 
of the tree, whieh is fully recognized as hannful to the Citrus 
and which indirectly interferes with the spreading of the root 
sy.stem. 

Three systems of irrigation were under trial in the garden :— 
(I) lling system, (2) Furrow system, and (3) Trench system. 

(1) Rhifi ftydem. A trench about a foot wide and 6 inches deep 
was dug ])arallel to the rows of trees and round each was made a ring 
() inches deep. 1’lie distance of the ring from the tree depends on 
tlie size of the tree but the apj)roximate distance is where the shadow 
of the tree falls on the ground at noon. Each ring was joined to 
the longitudinal trench by short connecting trenches. The young 
orange trees were thus irrigated for four years in our garden and 
the system was found to be very useful and economical. After the 
water had .soaked into the ground the rings were filled in with earth, 
which prevented the loss of moi.sturc by evaporation. The amount 
of water given per tree averaged 40 gallons and the total amount of 
water for young trees in an acre comes to 30,000 to 40,000 gallons 
per year. The economy of water in t his way in t he early stages of 
a garden is great and we had to irrigate 5 to 0 times only from 
monsoon to monsoon, whereas the cultivator would have irrigated at 
least 20 times during the same period. 

(2) Furrow system. As the plants become older their roots 
spread in all directions and it is then quite easy to irrigate by means 

3 
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of furrows. This consists in making two temporary furrows by 
working the monsoon or ridging plough up and down between the 
two rows of trees (Plate XXVII, fig. 1). Water is allowed to flow 
slowly down a number of these furrows and the roots thus get 
their requisite supply of water. It is important to allow the 
water to run sjowly. In our garden the head-channel fed at one 
time three furrows, each being about 200 feet long, and it took 
16 hours. The total amount of water consumed wa.s 60,000 gallons 
for 132 trees. In a year from monsoon to monsoon the trees received 
only 5 to 6 irrigations. After each irrigation, as soon as the soil 
becomes workable, the bullock-hoe (baJchar) is w'orked and all the 
furrows are obliterated. In this way the soil beneath the trees is 
kept well mulched and clean and free from \veeds. This method 
entails a bigger watering at each application but the interval 
between waterings is longer. When irrigation is from a well or 
from a source where the time during which the canal is open is 
not too short it is quite satisfactory. 

(3) Trench system. It was noted, how’ever, that the Irrigation 
Department, in tracts near Nagpur where orange cultivation was 
likely to extend under canal irrigation, preferred to supply a large 
bulk of water for a short time. Though the second system can be 
used under these circumstances, provided that the cultivator can 
open up sufficient furrows from his head-channel to deal with the 
water, in many cases the regulation of a large amount of water is 
difficult. In such cases it was decided to irrigate by means of 
straight trenches about 1| feet wide and about a foot deep made 
across the slope of the garden half w’ay between the lines of trees 
(Plate XXVII, fig. 2). In cases in which the land was not practically 
level, the trenches had to be terraced in order to keep a unifonp 
depth of water throughout its length. In this way each tree gets 
an equal quantity of water. This system is quite easy to work. *In 
places where the cultivator receives canal water for a fixed number 
of hours it is distinctly to his advantage to fill in his trenches and 
to let the roots of the trees gradually absorb the water. As 
compared with the furrow system, the irrigations have to be given 
with greater frequency thw^M^ in e»ch wato^to 
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is less. The total amount of water consumed was 45,000 gallons 
for 132 trees. 

These trenches can be used as drains in the monsoon, a most 
important factor in the Central Provinces where more trees are 
spoilt by lack of drainage than any other cause. The one 
disadvantage in this system is a slight one found in interculti¬ 
vation. This, however, was easily overcome by using the small 
double hoe used in cotton rows—one bullock walking on either 
side of the trench. A single bullock hoe would be even better. 



THE “TOP-WORKING ' OF INDIAN FRUIT TREES, 


BY 


W. BURNS. D. So., 

Kc vmnic Hotanld, Ihmhaij ; 

AND 

R. G. JdSni, 

Stqm-iiifendoit, Omtcslikhind Botanical Gardens, Kirlrc, 


By tlie term “ top-working ” we mean tlie renovation of tlie 
whole of the top of a tree by inserting scions on the existing branches, 
and then arranging tliat these scions grow while the old branches 
of the tree are removed. The method is not new. It has been 
described in various American publications, for e'xample, in Wester’s 
“ The Mango and in Rolfs’ “ Mangoes in Florida.”^ We believe, 
however, that the experiments here mentioiM'd arc the fir.Nt of their 
kind in India. 

The problem first presented itself to us in the form of the well- 
grown but useless mango tree, useless because its fruit was poor 
and turpentiny. Experiments had already been made in this 
Presidency in crown-grafting such trees, but with a very small 
percentage of success. Text*fig. 1 shows what is meant by 
crown-grafting. The whole top of the tree is cut off, and scions are 


* Philippine Bur<m of Agriflultitfe Bulkiin IS. 

* Univeraiiy of Florida AgricvUurul Expt, 81. Bulletin 127. 

A 5ia ) 
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inserted between tlie bark and the wood in the manner shown. As 
can be easily imagined, the cutting off of the whole top of a well- 
grown tree is a considerable shock to the plant. Moreover, the 
fact that the .scion cannot at once establish ite water connection 



Fig. !. Of own-grafting. 


with the stock and yet has to be out in the field exposed to the sun, 
and only ineffectively prf>1ected by any artifu'ial shading material, 
niakes the likelihood of union very remote. 

The method of top-working meets both tlie.se difficulties. To 
begin vith, the toj) of the tree is not ent ire!}' removed. Branches 
may have to be pruned off, to reduce the head, or to stimulate the 
production of young shoots on which to graft, Imt the drastic deca¬ 
pitation of the crown-grafting method is avoided (Plate XXVIII, 
tig. 1). 

Second, the Sf.-ion is not taken away from its original water con¬ 
nections until the new are fully established. In other words, the 
scion is inarched from a live grafted plant on to the stock, and this 
means that the scion is attached to its own original plant until 
union occurs. Text-fig. 2 shows inarching, and Plate XXVIII shows 
a tree with the inarching going on. Fig. 1 on Plate XXlX is the 
completely renewed tree. 
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Fig. 2. Inarching. 

The following are a few examples of top-working as done by 
one of us. 

A country mango tree in Bassein on the coast near Bombay, 
of unknown age, but probably over thirty years old, was heavily 
cut back on March ($, 19'12. Many new shoots sprang up from the 
stumps, and on these were grafted scions of gootl varieties on 
May 22, 1912. TJie grafting was done by inarching from plants 
in small pots tied to the tree in various places. On Ist November, 
1912, further grafting was done from the now established scions 
on to new shoots of the stock. Out of a total of 40 scions, 3 flowered 
in June 1914. As the first and second sets of scions W'ere not dis¬ 
tinguished it is impossible to say to which the flowering scions 
belonged, but it shows that, by top-working, flowers can be got 
14 to 20 months after operation. The pot-plants from which these 
scions were taken did not flower. 

The first real crop was got from the tree in June 1916. There 
1 #^ 38 fruits of four varieties. These varieties had all retained 
?thei^i)wn characters ultjiough giofted. on the same stock plant. 
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Top-working was also done on wild trees belonging to culti¬ 
vators in some of the coastal districts of the Bombay Presidency, 
with considerable success, as will be seen from the following letters 
from these men. 

Mr. R, V. Bam, Thana District, writes : 

“ As for top-working I prefer it to side-grafting, especially 
because it requires very little care after the grafts axe 
removed from the trees ” {i.e ., after the union of the 
scions has taken place and the pot-plant that was tied 
to the tree has been removed.— Authors). “ The tree 
is not required to be w'atered and it requires no 
protection from cattle, the grafts being beyond their 
reach. The only care required is to remove the new 
.shoots from ungrafted branches. It is the most suc- 
ce.ssful method of converting ordinary trees into grafted 
ones.” 

Mr. (lopalrao Mehendale of Belapur says ; 

‘‘In my opinion the top-working system is very good. 
Jly top Avorked trees are, growing well. Those who 
have got wild-mango trees can do best by top-working 
them. It is only at the beginning that the work 
requires constant attention.” 

Top-working for the conversion of useless wild trees into good 
Lcaring trees can also be applied with success in the case of Zizyphtts 
species. Mimmops hexandra can be top-w'orked with sc-ions of 
Achras sdpota (the sapodilla plum or chiku). 

Another application of top-working is in the starting of new 
mango plantations. It is a matter of importance to get strong, 
deep-rooted, straighb-stemmed trees. This is seldom got if pot- 
plants grafted in the pot are afterwards planted out. A better 
method is to plant the seeds of the stock plants in the field in the 
place where the tree is wanted and afterwards graft on to the stock 
when sufficiently grown. Plate XXIX, fig. 2, shows such a seedling 
of natural shape and strong straight stem. Plate XXX, fig. 1, 
shows top-working on to each branch of the head, and the second 
figure on the same plate shows the finally altered tree. 
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Still another application is that of getting an early flowering 
from scions whose character one wishes to test. Suppose we have 
hybridized two varieties of fruit tree. We have the seeds, and 
grow a hybrid seedling. Now it will take, perhaps, five years for 
this to come into flower and show us what its fruit is like. We can 
greatly shorten tliis time by grafting the .seedling (top-working it) 
on to the well-developed branch system of an adult tree. In the 
first case of top-working quoted in this paper, flowering took place 
on the tree where it did not take place in t he pot-plants from which 
the scions were taken. In another set. of experiments, seedlings of 
guava were, in the Ganeshkhind Gardens, grafted on to well-grown 
trees of 5 years old, on March 20, 1919. The scions flowered on 
December 27, 1919. and the .seedlings in pot.s, afterwards planted 
out into the ground, have not yet flowered. 

Similar results have been got in America.' 

* Oliver, U. W. “ The S‘odli.ig-KuarcIi iind Nur-w-Claut Mvtliuds of I’ropiigaUou.' U. 
Bureau of Plant Industry Bulletin 202. 
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(;. K. KEliKAR, B.Ai!., 

E.flm .isnintaiit Direcinr <>J Ai/rictillure, Bhnidtira, Oentml Ptwincfs. 

F(A^na('KS play an im])or<anf part in cano industry, as much 
depends upon tlieir e.fhciency. A cultivator may take a good deal 
of troulile and invest large sums t>f money in producing an excellent 
crop of sugarcaiu'; hut if he is a little slack in adopting improved 
methods of cane-crushing and (jnr manufacture, he might incur a 
great loss. 

Tt is now a well-known fact amongst cane-growers that if they 
crush their cane by wooden mills, instead of iron ones, they lose 
20 to 25 per cent, juice after every 100 lb. of cane. With a good 
crop this loss may amount to Rs. J2o to Rs. 150 per acre per season. 
By demonstrations and comparative trials made in cane-growing 
tracts, the cultivators are now so convinced of the superiority of the 
iron Jiiills over t he wooden ones that the latter are now being entirely 
ousted and their place taken by iron cane-cru.shing mills. 

What is true with the mills is also ti uewith the furnaces. An 
efficient furnace means saving in money and time and production of 
a liner tpiality of gur which will fetch better rates in the market. 

Fane-growers in these provitices used to boil their juice on most 
primitive and inellicient furnaces before the attcjition of the Agri¬ 
cultural Department was drawn 1o this question. This furnace 
consists of a pit 4'-G" in diameter and dejdh. A feeding hole 2' x 

is kept in the fiont. For want of any arrangement for the 
draught, ash pit, and exit passage for smoke and hot gases, the 


* Paper read at the Seventh Indian Seienec Uuugrcaa, Nagpur, I92tt. 
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working of this furnace is very defective. A trial boiling taken on 
such a kind of furnace showed that it required 4^ hours to boil 500 lb. 
of juice. The quantity of fuel used was simply enormous. In the 
first place, firewood was utilized for the boiling. Then the megass 
and trash was exhausted ; Imt still the ])(jiling was not complete. 
Consequently the stock of fuel had to be supplemented by feeding 
til (sesamuni) stalks. As it took such a long time to boil a small 
quantity of juice, the quality of the finished ju'oduct was distinctly 
inferior. In comparison with this tyj)e of local furnace the intro¬ 
duction of the J’oona furnace was looked upon as a decided im¬ 
provement. The cultivators at once ajtpreciated its obvious ad¬ 
vantages at demonstrations carried out hy the department. There 
are three main points of advantage in tliis furnace, viz., the ash ])it, 
draught passage, and exit hole for smoke. Cnlike tlie c(»untry 
furnace, this furnace is double storied. It is T in diameter. The 
ash pit is 3' in diameter at surface level. It is dug up to a depth 
of 3|' and broadens as it goes deeper so that the diameter at the 
bottom remains 5'. A narrow draugiit pas.sage 1 i' wide comm r nicating 
w'ith this pit opens out_ on one .side of the furnace at gnnmd level, 
through which the draugiit of air is constantly supplied to tlie burning 
fire. Over the top of the ash pit is 2 )ut an iron .sheet with a hole 0" 
square in the centre. The u])j)er wall of the furnace is 3'-G" iu 
height. An ojjening I'-C" x 2'-6" is Icept in the front for fc*eding 
fire. To make the working of this furnace more effective, an exit 
hole y" in diameter is kept at the left side of tlie feeding mouth. 
This communicates with a chinmey about C' high. The working 
of this furnace was so successful that it has ousted the local furnaces 
wherever demonstrations .showing comjiarativc trials were held. It 
required no extra fuel as all the boiling could be done on megass 
and trash, wdiich means a saving of at least 15 cartloads of fuel 
worth lis. 20 per acre of cane. It boiled the same quantity of juice 
in nearly half the time than that required for the local furnace. 
The quality of gw was, therefore, considerably improved. With all 
these obvious advantages, it is no wonder, theicfore, if this furnace 
has been adopted by all the cane growers who have seen its working 
side by side with their local furnace. 
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The Sindewahi furnace evolved on the Sindewahi Farm, however, 
is even a far greater improvement over the Poona furnace. From 
trials made it has been conclusively proved that this furnace is 
simpler, cIj caper, more efficient and economical than the Poona 
furnace. Tlie construction of this furnace may be described as 
follows:— 

Select a level piece of ground somewhere adjoining tiie cane 
area to save extra expenses of carting cajic. For a pan of T diameter 
dig a ])it G'-G" in diameter and 18" deep with sloping sides, so that 
the diameter at the bottom will remain 4'-9". Construct a mud 
wall in the centje, 1/ in height and 4" broad, leaving G" on 
both sides for smoke and hot. gases to gain access to the passage 
leading to the chimiKW, The most important part of this furnace 
is the grating over which fuel is fed and through which the draught 
is supplied. It should be made of i" round iron bars, each 20" in 
length, fixed up apart to twt) i)ieces of 1" broad flat iron. I'he 
size <tf the grating should be 14"x20". It should face towards the 
direction from which wind generally blows. It should be fixed in 
such a way that its bottom touches the lower rim of the furnace 
whilst the up])er edge is fixed in a slanting direction at a point 8" 
from the up})er rim at the surface level and 3" deej). This leaves 
an opening 14" x 7" between the pan and furnace for feeding megass. 

A ])erpendicular cut is made from the low er rim of the grating, 
I'-G" dee]), 15" wide and 3" long. In continuation with the upper 
edge of the grating, flat stones should be fixed up to a length of 3'. 
These will cover up the air passage and allow s])ace for the feeder 
to sit upon. A sloping air passage 5' x 2' communicates with the 
passjige below the grating, and thus gives a continuous supply of 
draught to the burning megass. 

The outlet for smoke and hot gases is situated behind the mud 
wall just opposite to the grating. Its size is 15" x 7". This opening 
is continued to a distance of 8' where a chimney 1' x 9" is con¬ 
structed. The height of the chinmey should be at least 8'. The 
passage for smoke is closed by covering wdth bricks or stones 
flush wdth the ground, taking care to sec that no smolie gets out 
from any Joint. 
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Comparative trials Lave shown that this furnace has several 
advantages over the Poona furnace. 

[1) This furnace costs very little. The grating is the only part 
which has to be got made by the village smith. With nornial pvices 
of iron, this furnace will not cost more than Ks. 5. A kafclia Poona 
furnace costs not less than Its. ](). including the cost of iron sheet. 
Such a furnace built in pucca bricks costs Its. 25. 

(2) It effects a considerable saving in fuel as all the boiling can 
be done on megass alone, there being some balance left out evcni of 
this stuff at the end of the crushing season. The whole of the trash 
can, therefore, go into the manure pit or be ploughed icito the cane 
land. From experiments carried out it has been proved that the 
manurial value of trash fretm an acre of land (al)out 5 tons) is equal 
to that of 30 cartloads of cattle dung. Frcim this point of vicAv, the 
Sindewahi furnace is of far greater importance, as cattle dung is 
getting scarce day by day and its jniee is rising by leaps and bounds. 
By adopting this furnace, the ean(*-grt»wer can dejjcnd ujxai his 
trash to supply the nece.ssary quantity of bulky manure, wliitdi he 
can supplement by concentrates like oil r akes or nitrates at a later- 
period in the growth of the crop. 

(3) It totally dispenses with the necessity of having a strong 
man for feeding fire. The rnega.^s can be fed by a boy or girl by 
putting in handfuls at a time. The feeder can sit uj) in an easy 
position all the while that the boiling continues. ' Fire ieeding which 
was so long looked upon as the most difficult task in (fur manufacture 
can now, with this furnace, be considered as an eas\' job which 
can be managed by anylrody. 

(4) It boils the juice in comparatively less time than that 
required for the Poona furnace. 

(5) The lifting of the pan when the gnr is ready is much easier- 
than in Poona furnar-e. 

From all these points, it is obvious that the Sindewahi furnace 
is a decided imjrrovernent over the I’oona furnar-e in several respects, 
viz., simplicity, cost, and efficiency. This fuinar-e has been introduced 
ill the cane-growing tracts and is being looked upon everywhere as 
a boon to the cultivators. 



GUR-MAKim FROM THE .lUK'E OF THE DATE-PALM 
(PlimiX SYLVESTRIS) IN THE THANA 
DISTRICT OF THE BOMBAY 
PRESIDENCY* 

BY 

V. n. PATWATIDUAN, B.Aa.. B.Sc., 

Lcrtiiirr, Agrkulhiml College, Poona. 

from tlie dat<‘-palm juice is iiol carried on on an 
industrial scale l»y the people of the Tliana District as in Bcntral 
and Madras Presideiicies. Three or four years ago this work 
was taken uj) l»y the Bombay Agricultural Department, and investiga¬ 
tions were made in connection with f/ur making from the date- 
palm juice and also in connection with the improvement of the 
quality of (jur in colour, crystalline consistency, etc. The ex- 
jwriments were conducted at Sanjan and Tadgaum iii the Thana 
District.' 

In the jungles and also on the coast-line of Thana District, 
date-palm trees grow in abundance but no economical use of them 
is made by the people. Only some trees out of an enormous number 
are tapped for toddy (fermented juice). Hence there is ample scope 
there to start an industry of (jur or sugar-making from the juice 
of date-palm trees. A number of trials were made for preparing ffitr 
from the date-i)alm juice under different conditions. There are 
two collections of juice: one is the night collection (removed in the 
morning) and the other is known as the day collection (removed 
in the evening). The juice of the night collection is clear, colourless, 
and transparent, when collected in new pots after washing the 
exposed part of the tree. It resembles the juice of coconut both 
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in appearance aiid taste though it is sweeter than the coconut 
juice. This juice is known as nim, and is free from fermentation 
and hence can he used for ,r/?/?--niaking. If the juice is kept ex})osed 
even for a sliort time, (he acidity increases and fermentation sets 
in very rapidly with tlie increase of teTiipratiire. 'Plus juice is 
known as sweet toddy whicli takes two days to complete the process 
of fermentation when it l)ecomes real t(ddyol' drinking. Ni'ither 
the mved (fermenting juice) nor the mil toddy (fernumted juice) is 
of use for ^nr-making. The day collection is always fermented 
and is never used for ( 7 ar-making. Tlie Him (unfermented juice of 
the date-palm) has a decided advantage over tlie juice of .sugarcane 
for /ju/r-making inasmuch as the skimmings from the date-palm 
juice when hoiled are trifling. There is no great change in the 
colour of the boiling juice till it reaches the ghofjam stage (when 
frothing ceases), after which the colour changes fiom the leddish 
yellow to dark red or brown. 

From iura the (jur ea.sily sots to solid frystalline consistency 
and gets the characteristic dark brown colour. Tim (/iir smells 
slightly of the date palm juice and its taste also differs from cane 
gw to some e.vtent. The gitr jiu'pared at Sanjan com])ared well 
with low' quality cane gw. Tlie average proportion of gnr to juice 
was one to ten, l.e.. 10 per cent. The percentage of sucrose in the 
juice varies from 7 to 10. As fermentation proceeds, reducing 
sugars increase to as much as .50 to 60 ])cr cent, of the total sugars 
within 10 liours. In a good sanijile of juice, the reducing sugars do 
not exceed ]'8 per cent. A large number of trials Avere made 
to have a solid crystalline gw from the date-palm juice. The in¬ 
vestigation was carrie*! on mainly with the following (avo points in 
view:— 

(1) To get the be.st juice (nira) suitable for _( 7 ?/r-making, atid 

(2) to get gw of solid crystalline consistency. 

In order to secure the first point, earthen pots were u.sed for 
the collection of the juice. Some of the pots were lime-coated, 
some were smoked and some new, while some were treated with 
formalin (six drops of 40 per cent, formalin per pot) and 
some with chloroform (10 drops' per pot). In every case proper 
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care was taken to clean the cut surface of the tree with a 
view to avoid contamination. The pots were suspended on the 
tree ratlier late in the evening aud tlie colle< tions were removed 
early in the morning at about 5 a.m. The boiling of the contents 
of the pote subjected to differejit treatments was done separately 
in open iron pans at 7 a.m., and (jur was prepared in the same way 
as with cane juice. Tlie best temperature for ripe boiling was found 
to be 108° to HOT'. 

The acidity of all tlie collections was determined before they 
were taken to the pan for boiling. Formalin was found to be the 
best jireventive of fermentation, though tlie increase of acidity in 
others was not very higli (onlyO’OO gramme of caustic potash was 
required to neutralize 100 c.c. of juice). Tlie results of all these 
experiments were as follows:— 

(1) The juice treated with formalin gave solid aur of good 
grain. 

(2) The juice treated with chloroform gave solid gur but with 
no grain. 

(3) The juice with other treatments gave only semi-solid 

gur. 

In the other set of experiments the acidity was neutralized by 
lime water and sodium carbonate separately, and the result was 
that no solid gur, but only a dark sticky mass, was obtained. 

Slow or rapid boiling was found to have no great effect, 
on the quality or nature of r/w obtained. Our experience seemed to 
indicate that continuous stirring, till the ])oint of soliditication or 
setting, prevented the. gur from becoming sticky. The following 
precautions were found to be e.ssential to getting juice fit for gur- 
making. 

(1) Special care was required to clean the e.xposed sui'face of the 
tree and also the slit. 

(2) The leaves down which the oozing juice trickles into the 
pots should be fresh every day and should reac h the bottom of the 
pot. 

(3) Fresh pots should l)e used every day or the used ones 
should be burnt or smoked before they are used a second time. 



628 AGRICULTURAL JOTTRNAL OF INDIA [XV, V. 

(4) Pots should be fixed late in the evening and should be 
removed early in the next morning (one hour before sunrise). 

(5) Fermentation of the juice on account of exjjosure, etc., 
should be avoided l)y adding some such preservative as formalin. 

In February aJiother set of experiments was con¬ 

ducted on a large scale in wliich tlie Bengal method of tapping 
the trees was practised, 'riiis method differs from (lie Thana 
method in three chief points :-(l) .Surface cutting as against 
deep cutting, (2) collecting the juice in smoked pots, and (3) 
collecting the juice for three successive days and then allowing 
the trees to rest for two days so as to harden the ex])osed 
surface. 

The juice obtained by this method gave slightly different 
properties with regard to acidity, alkalinity, and fermentation. 'J’he 
pure juice, instead of being acid, was found to be amphoteric. 
The juice collected over-night and tested in the morning was 
clearly alkaline to methyl orange and acid to jhenolphthalein. 
The 'Phana method was im]lro^•ed on the modi'l of the Bengal 
method except in regard to that of cutting. .Several experi¬ 
ments were performed on jiractical and economic lines to get 
gur from the date-palm juice collected from trees tajijxHl both 
by the Bengal method and the improved 'I'liana method res¬ 
pectively. These experiments proved succe.ssful in giving us solid 
of good grain. But the r/wr obtained had a'dark brown colour 
characteristic of the date-palm gur. This uimttractive colour 
lowered the value of the gitr to an appreciable extent, and led us 
to devote oxir energies to find out means to improve the colour of 
gur. 

It is well known that when alkalies arc boiled with reducing 
sugars, black-coloured products are foimed. 'This suggested to us that 
the distinctly alkaline nature of the juice must be the cause of the 
darkening of gur. Hence, to improve the (colour of the gur the 
following scheme was planned :— 

(1) To find out the extent of alkalinity or acidity together with 
their variations in different samples. 

(2) To see the effect of boiling on the alkalinity and acidity. 
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(3) Neutralization of the alkalinity by various organic acids 
in different proportions and the effect on the colour of gur. 

Samples of juice from different plants were separately col¬ 
lected under various conditions a7Kl their alkalinity and acidity 
were determined. Acidity is expressed in terms of grammes of 
caustic potash per 100 c.c. of juice, as determined by using 
phenolphthalein as the indicator, and alkalinity is expressed in terms 
of grammes of sulphuric acid per 100 c.c. of juice as determined by 
using methyl orange as the indicator. 


F iist (Iny'H coll.’ction Sfcond day's colloctinn 


Alkalinity .. .. () 08(! to O-l.'il 0-047 to 0-105 

Acidity .. ... .. O-OlO to 0-088 ! 0-014 to 0053 


The slight acidity that is present in the fresh juice changes, and the 
juice, when made to boil, Itecomes ttlkaline in reaction to l)oth 
phenolphihitlein and methyl orange. This indicates the presence 
of some tilkaline bicarbonates itnd the formation of some alkaline 
salts from alkali metals and organic acids. The alkalinity may 
also be due to the presence of some Itasic nitrogenous organic 
compounds. 

From different samples of juice, gur was prej)ared separately. 
Formalin and smoke treatment gave better results than lime or 
no treatment. The keeping quality of the juice was determined 
from the amount of fermentation and acidity formed. 

In wmrking out the second part of the scheme the organic 
acids taken for the neutralization of the alkalinity were citric, 
tartaric and acetic acids. The samples of juice taken for 
various trials of ,< 7 Mr-making were first analysed as to the. amount 
of alkalinity and acidity present. The alkalinity -was partly or 
wholly neutralized by the action of the required amount of citric 
acid before the juice was boiled. Each sample was divided into 

4 
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four parts oonsisting of two litres. One was boiled without any 
treatment to compare with the others under different treatments 
of acids. That trial which gave the best results was done on a large 
scale. 

We found oui. that the neutralization of alkali?nty by citric 
acid, partly or wholly, always gave light and )»righ1 colour to the 
//?/r though differing in crystalline consistency. As the result <»f the 
final trials, it was found that the addition to llie juice of one fourth 
the amount of citric acid required to neutralize the alkaliiiity. before 
the juice is taken for l»oiling. always gave lighter and brighter colour 
to the (fur with good grain fairly eonqiarable with the best I’oona 
yell(AV-coloured cane gia'. 

Gvr samples from the juic(‘ treat<‘d with aci'tic acid were 
rather soft and sticky with n<» good taste, although the colour was 
light. 

(}vr samples from the juiei' treated with tartaric acid wimc 
solid and cr}'stalline. There was .some change in th(‘ colour, ]»ut it 
was towards deep red and not towards light and bright yellow colour 
(the one which is so imicli desired). 

From calculations made in accordance Avith the above r<',suits 
it was found that for eighty-four gallons of juice about a ])ound of 
citric acid would be neces.sar)' to get the be.st quality of (fur. Taking 
that 7 per cent, of citric acid is ]>resent in the lemon juice, about 
17 pounds of lemoji juice would be nece.s.saiy for Httigallons of date- 
})alm juice. 

The work of getting lighter coloured (prr by the ajsc of citric 
acid AA'as done independently (an original id(‘a in February 1918) 
and long before the publication of a similar Avork done by Messrs. 
Annett, Pal and Chatterjee {Mem. oj the Dept, oj Agrm. in 
India, Chew,. Smes. Vol. V, Ko. 3, September 1918). The detailed 
report of the work will .soon l)e published as a BAdletin on t<xidy 
by the Deputy Director of Agriculture for whom the work W'as 
done. 

The results about the analyses and other important deter¬ 
minations are given in the tabulated statements below. 
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Analyses of gurs treated in different ways. 


Kind Ilf troMlfiMMit 


J hirU-ofjUmred (jur projmr«Ml 
on n lurin' schIo hy ordi¬ 
nary j»ro<'<*sH und put in 
hlouivs 


l):irk-rM»loiirrd fjur prrpnrud 
on n kiryu scaU' l>y onJi- 
nary pr«M*<‘ss and put in 
uarMinri pots 


Soini-s<»tid ijm by <udinaf\ 
prouoss 

So1i<l ijur with no front- 
inont (on a sinnll soah*) .. 


ft nr with onofouHh tho 
nmoiint of oitric acid 
roqnin*(l !<» fully noiitnili/a* 
thojuioo 


with ono-half tho I 
Jimoiint of oitri<r acid ! 
roipiiml t*» fully noutnd- ! 
iJEo tho juice .. .. | 


(htr with whole nnioiint of 
citric, acid roqnii^cd io 
fully ncutndizc t-ho juice.. 


fffir with no tcoatmont 

Ovr with small amount of 
tartaric acid .. 


Our with one-third the 
amount of tartaric acid .. 


Pekcentaoes on gvh 


Mdistiin 

1 

' Ash 

1 

Non- 

roduo- 

ing 

siigais 


’ 1-65 

7<s*;tr» 


: 

. IHfl 

7tl*7o 

7 



r.Cii 

i 


Ml.'i 

.. ! 

. 










5-75 

” 


.7-SO 

• • 


OKf) 

j 

I 



\ Alkalinity > Acidity in 

- 1 in torrnB of I terms of 

’ grammes of ' gramof 
I sulphujic caustic 
j. . I achl jsT )H»tash })Pr 
K^hIuo- !(K) grammes HK) urammes 


of (/ur with ol t/ur with 


sugars 

j methyl 

orang«‘ 

i 

1 

I 

IiIk-moI- 

]>iitlialeiii 


1 

ti*7f:t 

0-:J87 

1 

1 

4(>t» 

tl'477 


j 

0*572 



0*477 


j 


()-2!8) 

; 

ll•70•i 



tl-57i 

<>«77 


((•177 

<l■2!)0 


((•068 ! 

0-242 

.. 

(l-fiO: 1 

0-484 

1 

j 

(>-r)72 

0-877 


Ovr with acetic acid 
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Effect oj Imling on the alkalinity and acidity oj the juice. 




'(In'dicatok methh. 

1 ORANOE) 

(Indicator phe- 

K0LPHT1U(-EIN) 

(Indicator phe- 
holphthalein) 


Colour 

Alkalinity in terms 
of grammes of 
sulphuric acid per 
1(10 e.c. of juice 

Alkalinity in terms 
of grammes ot 
sulphuric ai'iil per 
100 c.e. of juiec 

Acidity in terms 
of grammes of 
eau.stie potash per 
100 c.e. of juice 

No. 1 





Fresli juice (compo¬ 
site sam])lo) 

Dull 

01 111 

••• 

(HMS 

At soiiin ■ fonniiip 
(Temp. 7(1 to 

stn;.) 

Brownish 

0-1 ID 

o-ou 

nil 

At boiling (Temp. 
98®r:.) 

Brownish 

0109 

inns 

nil 

: o. II 





Fresh juice (com- 
|)osite sample) 

Clear 


nit 

o-o:i:! 

At boiling 

Brownish 

0095 

001 ts 

nil 

No. ni 





Fresh juice (com¬ 
posite sample) 

Dull 

0-)(W 

nil 

0-03H 

At boiling 

Brown i.-^h 

01 Ot 

IW)18 

nil 


After boiliiii;, the juice be(-.imu alkuliiie to phenoipbtbaluin (which w^k ncid before to the 
same indicator). 






THE INFLUENCE OF STOCK AND SCION AND 
THEIR RELATION TO ONE ANOTHER* 

BV 

S. If. I’HAYAU, -M.Ag., 

Oj the Dcjtartmcni oj AgrkuUure, Bombay. 

Introduction. 

In foreign literature much has been written regarding this 
subject. Knight ^ gave an account of the injurious influence of the 
])luin stock upon tlie api icot as far back as 1823. An article also 
a()pcare(i in Gardener'’Chroniele in 1853. Fuller treats this 
subject at .some length in his book on the " Propagation of Plants ” 
written in the year 1887. Amongst the nuxlern and leading horti¬ 
culturists, Bailey has dealt witli this question in his “ Nuraery Book.” 

But the fruit plants dc'alt with by these witers are unsuitable 
to We.stern India. In the Bombay Ih'csidency there is veiy little 
on record bearing on the above subject, though work on it was 
commenced in the (Jane.shkhind Botanical Gardens in 1909. In this 
article it is intciuled to } ut together all the available material 
regarding some important fiuit trees and other plants of importance, 
with a view to invite suggestions and criticism. 

The union by grafting may be made between plants of different 
varieties of the same .species or of species of the same genera. It 
may also be made between plants of different genera of the same 
natural order. The method may be employed for the following 
reasons:— 

(1) To induce early bearing. 


* Paper read the Seventh Indian Science Congi'oss, Nagpur, 1920. 
^ UorticuUuTul Trunnaclioiu, VoL V, p. 287. 
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(2) To produce superior varieties. 

(3) To encoimige strong and vigorous growth of plants. 

(4) To multiply plants of those species which fail to seed or 

which cannot be propagated by any other vegetative 
methods of reproduction. 

(5) To dwarf the size of plants. 

(6) To minimize the nmnber of thorns. 

Let us now consider the effect of different sbn-ks on tlie scions. 


1*REPERENCE OP SOME STOCKS T«J PARTKTJLAR 
SCIONS. 

In order to ascertain the best stock on whicli t»» bud any variety 
of orange, puraelo, lemon, etc., trials were made in the Chineshkhind 
Botanical (hardens, since 1909, by Mr. H. P. J’aranjpc, Assistant 
Economic Botanist, in which all the available varieties of (Jilrm 
in the Deccan were budded on the following stocks, viz., Maltalunga 
{Citrus imdica, proper), Jamhefi {Citrus medim, vai.), orange, and 
ResJmi orange {Citrus aurantium). The following results werc^ 
obtained: - 

The Nagpur and Poona oranges, as also Ladoo and Kawla 
oranges, were found to be indifferent in growth on MnliaJmtga stock. 
Mosanihi, Mahalunga, Sakhar-limh'u, Jamhcri uixfi Pumelo plants were 
in gfXKl condition on tliis stock. If conclusions arc to be drawn 
from seven years’ trials it may be said that scions of hardier vari(*lies 
with thick bark from large round stems did well on Makilumja 
stock. 

Jf the Maludunga stoc^k preferred some particular scions to others, 
the Jamberi stock welcomed all. The bark of ,1 amberi is very 
mucilaginous and separates more easily from the wood below than 
that of MaJudutiga, and this seems to be one of the reasons why tlie 
Jamberi is preferred as a stock plant. 

The orange has not been found to be a good stock especially 
for thick-skinned scions such as Pumelo, Sakhardimhu and Mosambi, 
as the part above the insertion of the bud qukkty driefl ju^ after 
pruning and turns black. 
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Influence op stock on the viqoub, habit of gkowth 

AND YIELD OF THE SCION. 

Apart from the question of the more ready union made by 
some stocks, there is another and most important question. This 
concerns their capacity to increase the hardiness of the scion. The 
following are examples :— 

“ With regard to mangoes ^ it was found that the Bombay 
grafts were seriously affected by frost, each year, Avhen gro^vn at 
Pagara. The khuds and ravines of the Pachmarlii Hills are full 
of wild mangoes and it lias now been found that if the Bombay 
varieties are grafted on the \vild Pac-hmarhi seedlings the resulting 
trees, witliout deteriorating in quality, are quite frost-resistant, a 
fact which is woitli noting tiy many growers in the Central Pro¬ 
vinces, who are troubled by the annual destruction caused by 
frost.” 

In the Caneshkhind Botanical Gardens, during the flood of 1912, 
the MaJudtwffa plants on their own roots were greatly affected. 
Leaves (ju the parts that had been submerged withered and dropped. 
The tAvigs bearing such leaves also succumbed in some cases. But 
the Mafmhwga plants on Jamberi stocks in another submerged part 
of the same garden did not suffer in any way. 

Tliese two examples indic-ate that the .stock has a definite 
ability to communicate to the .scion its own power of resistance. 

Besides, the habit of growth of the plants is affected in a marked 
degree by the stocks used. A tall-growing variety induces the scion 
to come up to a good height, in contrast to a scion growur on a 
bushy st<H-k. In the Ganeshkhind Botanical Gardens six plants of 
each tyj)e of Cilrm were planted in 1910 on stocks of Jamberi, 
Mahalunga, Reshmi orange, and orange. In this plantation it is 
peculiar to note that plants on Jamberi stock are decidedly superior, 
both in height and appearaiue, to those on other stocks, and that 
plants on MaJudumja stocks are decidedly bushy in habit as compared 
with those on other stocks (Plate XXXI). Sorauer * says : It 


daricuUimU and Vo-operalive Gaiiette, Nagpur. VtA IX, Soptom^ 1915, p. "16.- 
“TrekjUac on the Bhysiology o< p. 195. 
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is well knowa that certain stocks have a very pronounced efEect 
upon the habit of growth of the scion. Apples grafted on Paradise 
stock or dwarf stock {Pirus prcBCox) remain of short stature and often 
produce flowers in the yeai' following the grafting. Grafted on the 
Doucin, the varieties become bigger and fruit later; on the crab- 
apple the tree retains a normal gi-owth, Init the crown does not 
produce flowers for a considerable time.” 

The following is another example : Crescetitia alata is a plant 
belonging to the order Bignoniaceic the flowers of which scarcely set 
fniit in Poona. Only once in the course of ten yeai-s has it produced 
two fruits in tJie Ganeshkhind Botanical Gardens, but these dropped 
down before they became fully ripe. A^egetative methods of repro¬ 
ducing this plant, viz., by gooty. cuttings, and layerings, adojded 
by the writer in the rains of 1913. failed, tliough a considerable 
amount of callus was forn)ed at the cut ends. Hence, recourae had 
to be taken to reproduce these j>lants by grafting on a sister species, 
viz., Creacentia cujete. Three grafts of these were o!)tain(*d in 1914 
but all of these are making very slow gi'owth, scarcely attaining 
three feet and remaining very dwarf in size, thus indicating the 
effect of stock on the growth of the scion, 

Regarding the influence of stock on the pjoductive capacity 
of the scion, very bttle information is at hand. The experiments 
on grapes conducted by Mr. H. V. Gole, the well-known grape 
grower of Nasik, and mentioned in the ‘•Agricultural Journal of 
India,” Vol. XIV, Pt. 1, pp. 119-120, show that P/<aA:adi variety, 
which is a shy bearer, if grafted on Bhokari, a prolific bearer, has been 
found to give an extra yield of 2 lb. per j)lant. 

In the Ganeshkhind Botanical Gardens the Phakadi scions were 
inserted on Bhokari in the rains of 1915. Six plants of these are 
now in the groimd. They have not as yet flowered. 

Undesirable combination of stock and scion. 

So far I have dealt with the influence of stock on the scion, 
but there are cases in which the affinity between stock and scion is 
slight. If the stock and scion plants have different periods of dor¬ 
mancy or activity, or if one be a tree and the other a small plant. 
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and if such plants, though belonging to the same genera, are grafted, 
the result is that the active part temporarily grows but soon fails, 
ultimately causing the death of the tree. The following are some 
of the examples;— 

On 27th May, 1913, ten 'enarcb grafts of Neem {Azadirachia 
indica) were made on Bahin {Melia Azedarach) stocks by the writer. 
Besides, 25 buddings of the same were done on Bakan stocks in May 
and Juno 1913. Nine grafts and 
five buddings in all succeeded, 
and tljcse were planted on 17th 
July, 1914. These grew well for 
a year when two grafted and 
three budded plants withered. 

One budded plant flowered and 
fruited in March 1915 and 1910. 

The fruits had tlic normal 
characters of the Ncem. This 
plant as well as other budded 
plants withered in .June 1917, 

By this time only four grafted 
plants were doing well, but 
they had formed a big knotty 
excrescence at theii’ grafted 
portion with shoots from the 
stocks (“onstantly a})pearing. 

This knotty excrescence seems 
to arise from the obstructron 
which the descending sap of 

the €6tn tree meets at the Formation of a big knotty excrescence 
junction wdth the Bakan stock, Rrafting. stock- 

, , Bakan; Scion—Neem. 

tor the effects produced upon 

the growth of the tree are similar to those which occur when the 
descent of sap is impeded by a ligature. 

The fig plant (Fiatis carica) was grafted on the Umber {Ficus 
ghmercUa) in the rains of 1909. Three successful grafts were 
obtained and were planted in June 1910. These grew well for 
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about a year but afterwards failed as the fig l)egau to wither 
at the resting period of Umber. 

To cite another instance, Ipomcea HorsJaUhc is an ornanieritel 
creeper, attractive for its large and ritdi, glossy, rose-coloured 
flowers. Each single plant costs Ks. 3 on account of the difficulty 
of propagation. Attempts were made by Mr. P. (}. .Joshi, Superin¬ 
tendent, Ganeshkhind Botanical Gardens, to increase the plant by 
grafting it on Ipotnaea carnea, a plant commonly found in gardens 
and easily multiplied by cuttings. One graft made in October 
1917 .succeeded after two and a half montlis. The plant grew 
well for about ten months when it withered as the stock plant was 
then at its resting tijiie. 

If thus the period of activity (tr the rate (»f growth of stocks and 
scions are entirely different, there is a con.siderable check in the flow 
of sap with the result that the plants succumb. 

InFIA'KNCE of .scion 0.\ TJIF .STOCK. 

Let us now con.sider the influence of .scion on the stock. As a 
rule, in all fruit plants the scion has a j)re})ondera1ing influence; 
and the plant Iwars the .same (juality of fruit as the scion. It is 
generally believed that oranges grafted on StiUiar-llnihii (tr oiange 
plants become much more sweet than oranges on Jamheri .stock, 
but experience teachesotherwi.se. In ail cases (>f such grafting the 
quality of the scion alone predominated. This phenomenon is 
explained by tSorauer^ as follows: “ The Camltiunt is a tissue the 
young cells of which have inherited from their first formation the 
tendencies of their mother cells and tHiercfore continue to function 
in the .same way, forming the .same s(jrt of cell-wall and cell contents 
as their predecessors did. The characters of tiie scion as well as 
those of the .stock will develop themselves separately in their several 
tissues.” 

The po.si1ion of the scion, however, does influence the flowering. 
The following are examples:—In August 1914, in the Gane.shkhind 
Botanical Gardens, a thirty-year-old Shaha-buddin mango-tree was 


“ Tieative on ttie PJiyaiology oi FlanW’ p* UM* 
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used as stock and five branches from grafted plants in pots were 
transferred to it by grafting. The scions were grafted on to the 
end of well-ripened branches. Tn .lanuary 1915, two of the scions 
bore inflorescences but did not develop fruits. 

Also in August 1914. one In-anch of Borsha, a grafted mango 
plant in pot, was transferred to a big country plant and this bore 
two well developed fruits in May 1915. 

In both the above (-ases the pot-j)lants from which the scions 
were taken produced no inhoiescences, although branches similar 
to the scions were purposely left to .see how they would behave. 

In Bas.sein (iarden, a country mango tree of about. 39 years old 
was heavily cut back on March (i. 1912. .Many new shoots .sprang 
up from stumps and on (h<‘se shoots were grafted scions of .41phon.se 
and tSakharia varieties on .May 22. I!>12. drafting was done by 

eJiarch from plants in small ptds tied near the branches of the stock. 
Out of 40 scions thus placed, three flowered on January 22, 1914. 
The tir.st crop of 3S fruits was obtained fnmi this tree in June 191(5. 
The oiiginal plants in the pots from which the .scions were taken had 
not flowered by this time. It .seems rational to assume that the 
poisition at the end of a branch in the system of a big tree is likely 
to accelerate flowering. 

In the above instance's, the .se-ions were of mature wood, but 
if young and immature .scions are insertetl. one would not naturally 
e.vpeet such early flowering. 

In the (taneshkhind Botanical dardens, 28 one-year-t»kl mango 
.seedlings were transferred, in August 1914, on to l)ranches of ripened 
wood that were likely to bear niflorescences in 1915, on country and 
Shaha-buddin mango-trees; but none of these transferred young 
seedlings bore any infiorescences. though similar shoots, bearing no 
grafted seedling branches, had pas.sed tliree fiowei'ing stages. Simi¬ 
larly, on a five-year-old guava plant 24 scions of Sind-Hyderabad 
variety of four months ohl were transferred on 19tli January. 1919. 
Twenty-one of the.se survived but none of t hese have flowered though 
the plant passed one flowering stage. From the above it may be 
seen that mature scions produce flowers early and that immature 
acions go on inakiug vegetative growths, no matter where they are 
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situated, and produce flowers when sufiicient plastic material has 
been formed in the shoots. This condition may, to a certain extent, 
be hastened by the stock of an advanced age. The results are, 
however, still inconclusive, but the question has an important 
practical bearing, as, if early flowering is induced on such young 
transferred branches, considerable saving of time would be assured, 
and such plants as hybrid and polyembryonic; mangoes, seedless 
guavas, etc., would be forced to reveal their characters at an early 
date. 

Insertion of more sctons th.an one. 

Very often more scions than one can be inserted on the different 
branches of the stock. This is done more for curiosity than for 
any practical utility. In G'oa the writer has seen three different 
scions inserted, viz., Fernadin, Musherad. and Fairi on three 
branches of a country mango. These were all in fruits. On a 
top-worked country mango-tree in Bassein garden, the following 
varieties were harvested from a single plant in June lUlO:— 

30 Fairi fruits. 

2 Alphonse „ 

4 Bailee „ 

2 Sakharia „ 

In the Caneshkhind Botanical Gardens, .on an lildward rose 
plant the following eleven varieties were budded in January 1913, 
(1) Madam Furtado, (2) Cook Peach, (3) Devoniensis. (4) La- 
France, (5) Madam Halphen. (0) Glorie de Dijon, (7) L’Avenir, 
(8) Nephetos, (9) BelleLyonnai.se, (10) Annie Laxton. and (11) Aimee 
Vibert. Of these, numbers 10, 3 and 7 grew with more vigour 
than the rest. Nos. 4, 9, 0, 3 and 5 were in flowers in January 1914, 
but none of them gave as many blooms as they would otherwise 
have done. This is as one would naturally expect, as the distribu¬ 
tion of sap is not equal in all cases. 

It is, however, not desirable to put in more varieties than one 
on single stock, as the one that is more vigorous draws a larger 
amount of nourishment from the stock to the detriment of others 
with the result that they ultimately starve and die. 
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Grafting between different genera of the same 

NATURAL ORDER. 

There is now only one aspect of tlie question with which I wish 
to deal, and it is in regard to tlie influence of stocks and scions of 
different genera but ])elonging to t})e same natural order. Collins ^ 
says: --“Tt is said that in Martinique the mango has been successfully 
grafted on the cashew tree {Anacardium oaudentale) and it is 
further stated that seedling mangoes, .so grafted, produce fruit 
double in size, free from fibre, and with the seed so reduced that it is 
frequently without the ])ower to germinate. The fruit, although 
melting and very juicy, is said to be without, flavour.” Collins 
commejits: " The.se results as reported are so radically opposed to 
those usually obtained from similar experiments that they are not 
likely to be generally accepted until verified.” 

In the Ganeshkhind Botanical Gardens, the following experiments 
were conducted by the writer Grafting of mango scions on stocks 
of SenuTurpus Anacardixni was done in July 1910 by the crown 
whip, saddle and tongue grafting methods. The scions remained 
fresh a little time and then died. Similar graftings were made on 
Sjxxidias nuinpifcra and Sjxxidia'S acmnlnaia but without success. 
A similar experiment was made in 1914w'hen 12 mango scions were 
enandied on to Scnurarpiis Atwrwdium stocks on August 12 ana 
November 3, Two mango .scions were also enarched on to Holi- 
garm gralmmii stock but none of these took. 

In the Anacardiaceie, therefore, grafting between different 
genera has met with failure. 

The propagation of Chiku (Achras sapota) by seeds is a matter 
of considerable diffi(*ulty. The nursery-men, therefore, often 
employ Ryan {Mimosops heiundra) .seedlings as stocks and graft them 
with Chiku for commercial purpo.ses. 8uch plants no doubt are 
vigorous growers, but it has l.)eeii found by experience in Basseln 
garden that they do not yield more than 15 fruits per tree though 
Chiku plants grafted on their own stocks yield more than 200 
fruits. 


* “ The Mon^o in Porto-Rioo, ” ji. n>. Qucting Jtmilli's (ultvree Culoninles, p. £01. 
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OONOLITSIONS. 

The following are the ronelnsions arrived at;— 

1. Some stoeks liave a distinct. ))referen('e for partienlar scions 
while othei’s have no such pTcfereuce. 

2. The stock plays a great part in influencing the habit of 
growth and hardiness of the scion. 

3. The formation of a big knotty excrescence that takes place 
at the grafted portion in })Iants. whose rate of growth is iiot similar, 
considerably checks the growtli of thes(> ])lants. 

4. Plants composed of pai-ts which liave difTen'ut ])eriods of 
resting fail t(t grow into big plants wlaui grafted. 

5. "I’lie scion has a ])reponderating influence in puMlucing its 
own f|uality of fruit. 

0. The position of the mature scion at the end of a Iminc li iti a 
big tree does influence tlie flowering. 

7. Tt is undesirable tt) in.sert .scions of tnore tlian one varic'ty 
on the branches of a single .stock. 

S. 1’he grafting betw(>en different genera, tlaaigh taking pla<-e 
in some ca.ses, has not l)een found successful in the mango. 
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TIIK (JliOWTH (»!<’ TllK SlUiAIICANE 

BY 

A. RAISHKH, (M.l';.. So.T).. I'M-.S. 

IV. 

Tmk cliim]! or liiinc)i ol caiios in tlio Hold oonsists of tlio total 
output of shoots from oiio jdaiitod sot. It is usually mado uj) of 
sovoral porfoctly indo|)oiidoul jilants. oach of wliioli lias arison 
from a soparato hud on tlio sot. Tlio ffrowlli of thoso soparato jilauts, 
dopondinft on tlio auiouut of food and .spaco availahlo. varios a 
•troat <loal. sotno Ixun*; larfio and dominating tlio wliulo clump while 
others are often small and insignificant, and the canes and shoots 
holonging to all of them intorlaco in all directions. Wo have .soon 
that to make out the hranching systems of the distinct plants, a 
rather tedious process of dissection is noce.ssarv, hut that, after 
this has been done, wo can construct a formula for each plant. 
And, when we dissect a mmiher of plants of any one variety, we can 
obtain an average varietal formula which tends to become .simpler 
and more .symmetrical the more di.^sections aie made. We can. 
in the .same way, obtain a formula of oach group of cane varieties, 
and we have seen that these group formuhe show con.siderable 
differences from one another, so that the way in which a cane 
branches becomes an important character in clas,sifieation. 

In onr formnlm w'o have u.sed different letters to indicate 
branches of different orders. 'Flius. if we call the main shoot from 
the original bud on the set «, the branches arising direkdly from it h, 
those from b, c, and so on, we can put down the system in algebraical 


* n<i)>r()duced (roin l lic /nlrrnalioiial Niiyitr JohthuI, Kcbniary 192(). 

( fits ) 
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fonn and our plant formula runs Boniewhat as follows : a -\- 
yc 4 2^ + . These formulse for the individual plants 


are oi great service for obtaining the averages of the varieties and 
ultimately of the groups, but we have found that, for the purpose 
of visualizing the branching in a plant, we must use another method, 
that of diagrams. Tn the 767 plants dissected for this piece of work, 
we have made a diagram of each as it lay on the table, and in these 
diagrams it has been possible to include many points for which the 
formula? were \msuited. Tn the diagram the intricate interweaving 
of the branches is .supposed to lie unravelled and the whole plant 
laid out in an orderly manner on the table. iSuch a diagram is given 
in Plate XXXII, namely, that of a plant of Sacchanm arimdimicewn, 
a tall, thick-stemmed, wild cane of India. It will be seen that in 
this diagram certain conventions have been introduced which will 
require explanation, and for their elucidation we have' selected 
another diagram, that of a very strongly grown YvJia jilant (Fig. 1) 


Ywba 1916 (7i monlhs old) 

One clunip with t’wo plants. Only the larger plant is drawn. 



ak^‘Tb^i6C48cl4e 


Rvunintrs ib'fa.C ^ 
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which, it will be remembered, belongs to the Pansahi group of Indian 
canes. The canes and shoots in this plant were in a veritable 
tangle, this being caused by the great growth of 62, which has 
developed a number of runners, to be referred to directly. In 
this diagram the main stem and the branches of different orders 
are marked by their appropriate letters at their ends, and a different 
form of line is used for each. The main stem a is indicated by a 
thick line, bs by thinner lines, cs b}- lines made Tip of a series of 
dashes, ds by alternate dots and dashes, es by dots, Js (Plate XXXII) 
by zigzags. The formuhe were, from the first, merely intended 
to give a statement of the canes at. harvest, and only those branches 
in the diagram have letters attached which would, in our opinion, 
form canes during the season. But, ])ecanse of the length of time 
taken in the dissections (that of the Yuba shown took some three 
days, and the work was spread over several months each year), 
many of them had to be dealt with some time before harvest time. 
This is shown in the diagram. Those branches already forming 
full-grown canes are. brought up to the ujiper limit of the figure. 
Of the immature shoots, those which are cane-fomiing at their 
base and would have time to mature by crop time are marked cj 
at their ends, and the lengt h of each immature shoot is given in feet. 
All resting buds are ignored, as taking no part in the growth of the 
plant, but such as have begun to grow, either by great swelling or 
actual bursting, are included in the diagram. Cane varieties differ 
very much in their development of shoots at the base at reaping time, 
some having practically none while others have a regular sheaf of 
them, and this character finds its place in the diagram. As is well 
known, many deaths (X‘(.‘ur in the dense mass of the bimch, and 
these have always received careful attention in the dissections. A 
dead branch is marked by a short cross line at its end, and a similar 
convention is applied to dead buds, which are shown as very short 
lines with a cross line at the end. Lastly, in their struggle to place 
themselves in a suitable space for unimpeded growth, shoots are 
capable of altering their position by forming runners underground. 
These are distinguishable by the intercalation of several long, thin' 
joints between series of very short ones, and occur b^ore the cahe 
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commences to increase in thickness. They are marked in the 
diagram by thin lines placed nnder the elongating part.. Where the 
cane is attacked by insects an asterisk is inserted, generally with letters 
indicating the kind of attaclc. Thus m. h. signifies moth-borer, 
ir. a. white ants, and so forth. All of these conventif)ns are illn.st rated 
in the Yvha diagram, especially a large number of runners (nving to 
the great effort made by h2 in its growtli. 

On the sheet containing the diagram of any ])lant dissetted 
various memoranda are written down, some of which are mentioned 
here and others reserved for the next aTticle. bi the Ynh<i ]>lant 
described Ave have the following;— 

Canes formed, a !- 7/» 1 - 15c j- (Vf ; c. 

Canes at harvest, a j- 7/> i- Itic | Hd ; c. 

Shoots not cane-forming, h ' .‘ic \- Id j c. 

Bursting buds, b | 13c | 4Sf7 f 25e 
Deaths, 26 -f- 9c -f- 
Runners, h 2c -|- 3«7, 

Considering the great irregularity shown by the plant in its 
growth, it is somewhat remarkable how nearly tlu* canes at harvest 
come to a perfectly symmetrical formula. The great number of 
bursting buds show's how healthy thejhintis and this is borne out 
by the very deaths in such a large number of buds and shoots in 
active growth. There are few shoots not cane-forming, which .seems 
to indicate that the plant is maturing ])roperly. 

It was early noted that the merrd)ers of the J’ansahi group of 
Indian canes were marked by great regularity in their branching 
systems, and sometimes the way in which the cranes grew w'as distin¬ 
guished by almost mathematical evenness. Thus many facta of 
interest in the growth of cane Av’cre first noticed in the dis-sections of 
members of this group. It avouIcI have ])een impossible to have 
discovered these facts in the Sandha group, although they were 
afterwards traced there tno, for the 8aretha varieties are vcta' 
irregular and untidy in their habit, crossing and falling about in every 
direction, showing many deaths and develo])ing many runners. It 
is somewhat curious that a similar distinction can be drawn between 
the two cane-fonning wild Sacchamms of India, *S'. arundinaceum 
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and S. spontarmim (the other wild species of this genus do not form 
solid canes but are seen as great tufts of grass). There are many 
points of likeness })etween the formula* of growth of Pansahi and 

anmMmceum and there are also marked resemblances between 
those of Saretha and S. sjmiianewn, suggesting the possibility of 
genetic* connexion between the two pairs respectively. But although 
this ccwtainly holds with the Saretha-^?. spontan&m likenesses, 
all attempts to find additional morphological connexions between 
T’ansahi and /S', (fnmdhutmmi have failed completely. Enough 
details have, howc'ver, been collected to suggest that the Indian 
cranes, at pivsc'iit classc'd together with the thick canes of the tropics 
under the s]M‘ci(‘s /S', ojicinarum. may have arisen from several 
distinct wild jiarents (some of which like S. spotUamunt are still 
living, whereas others have i\ot persisted in their wild form), 
while the* thick eanc's may be the desc’endants of a different though 
closely allied form. 

Wc* have dealt .somewhat fully with the branching system 
of the members of the I’ansahi group of cane be(;au.se they are of 
sfcecial inferc'st at the present moment. This group includes, as we 
have .seen, t he Yalxi cane of Natal and, according to local descrip¬ 
tions. also the Af/nul recently imi)orted to Natal from India ; 
Kavanffirc also appears to belong to, and is coirsidered by some as 
identical with, Yuba ; perhaps the Zivmga and other canes in Brazil 
may also be included, 'riicse are canes inferior in many respects 
to the thick, juicy, tropical t>nes, but it is evident that they have 
their n.ses, becaiuse of their general hardiness in unfavourable condi¬ 
tions, their great tillering power and suitability to the extra-tropical 
cane-growing regions. It seems likely, from the latest reports, 
that they will enter moi*e and more into the tropical cane industry, 
wherever, for some reason oi* other, thick canes are having a 
temporary set-back. 

In th(i nature of the ease, the thi(‘k canes will appear to have 
received less attention than the groups of Indian canes, but this is 
because they have been taken together as one group in the dissections. 
They have by no means been neglected, for as many as 63 plants of 
various thick canes have been dissected. They present, on the whole, 
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a much simpler form of branching than the Indian groups, and it 
would be interesting to determine how far the differences noted in 
this and the next paper may be traced in different varieties of tropical 
canes. There is little doubt that such differences exist, but no 
work has at present been done on them in this direction. In Plate 
XXXIII, fig. 1, the dissection is shown of the three plants of a rather 
poorly developed clump of a variety of unknown origin named Java 
in South India. It is in a young stage, but it does not appear likely 
to produce any more canes at harvest than those shown. In Fig. 2 
on the same plate a first ratoon of Red Mmmtitis ready for cutting 
is shown and in both cases the original set is still attached to the 
plant, so that the whole system is displayed, including, in the ratoons, 
the cut ends of the canes reaped in the first year. Text-fig. 2 gives the 

Red Mauritius Ratoons 

Two ralooKi plants at Coimbatore (20 months old) 


ol» ds io) de d2 d> di di d} d& b) ex 



Fig. 2. 


diagram of this ratooned plant, the dots at the ends of the branches 
fflgnifying canes cut at harvest. There were three canes reaped 
in the first year and seven are ready for reaping in the ratooned 
plant, -There are no shoots forming, nor are any buds 


















m. J. Dissection of 
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deaths are few, as only 13 can be counted in the two years. The 
diagram on the right is also one of a ratooned Red Mauritim cane» 
dissected at the same time and place. It is apparently a much 
more well developed plant. There were five canes in the first year, 
but the number of canes in the ratoon crop are seven as in the former 
case. There are 16 bursting buds, 10 young shoots, and as many as 
63 deaths. It would be a matter of great interest if the growth 
of these two canes could be carried one year farther, as it is to my 
mind doubtful as to which of the two would produce more canes 
then, because of the great number of deaths in the bigger plant. 
One is tempted to compare the two with two runners arriving at the 
same moment at the winning past. One has used up every ounce of 
his strength while the other has plenty of spare energy which he has 
not however made the best use of. 

Now a good deal of this rather intricate description of this part 
of the growtli of the cane will, at first sight, appear to be rather of 
academic than practical interest. In the next article we shall study 
the characters of the canes of different orders of branching, and we 
shall see that they not only differ in the rapidity with which they 
grow and mature, but that the joints differ in length and thickness 
and in the richness of their juice at harvest time. These are ail 
points of great importance in the crop, especially with regard to 
deter mini ng the best time for cutting the canes. 



WATER HYACINTH : A MENA('E 'I'O NAVKCVTiON.- 


iiy 

CTIIKLBKIJT J()HNS«)N, 

Tcchiicnl Asm-taut, Division oj Plont huiastni, Stale Depnrlaa-nl 
oj Agriculture, (tujijornin. 

Florists in soiitliern (.'alifornia ofl'er tor sale a heantil'iil 
aquatic plant called water Iiyacintli {Eirho-mia cmssiprs Solnis.). 
This plant, so highly prized in aquaria, and its near relatives, the 
pickerel weed.s, have come into ill repute among navigators in 
tropical and subtropical waters, and more e.s])ecially in the (lull 
States, where the enormous .sums expended in clearing streams ol 
this pest have earned it the name of “ million dollar weed.’ The 
history i>f its establishment is mtt known, but it was certainly 
introduced as an ornamenbil aquatic, and is .said to liave been 
planted in a pond near Falatka, Florida., where it soon be<'ain(‘ so 
abundant as to necessitate contnd measures, and it was taken up 
and thrown into the St. Johns River. 

In addition to interfering with navigation the abundance of 
water hyacinth in the St. Johns River and its tjibutarii's at one 
time caused an annual loss of about one-fouith the value of the 
logs rafted down the river from the valuable forests of cypress, pine, 
and red cedar bordering on that stream. The fishing industry also 
suffers, because of the difficidty encountered by fishermen in setting 
their nets. In time of flood, the bridges have sometimes been too 
low to allow the collected mass of plants to pass under, and tlie 


• Hoprinted from the C'aliforHia MuiUhty UuUelin, Vol. IX, No. It. 
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pressure has overturned tlieni. Moreover, the rank and decaying 
vegetation lias been declared a menace to health and sanitation, 
as it not only affords a shelter and breeding place for disease-carrying 
insects, but interferes with the disposal of sewage. 



A descri])tion of the plant and its habits, with a view to consi¬ 
dering t he jiossiliility of its becoming established in the navigable 
streams of Califoinia, and a consideration of the inethiKls whereby 
its control has been attempted, is the object of this paper. 

Description. 

The plant' is a Hoating perennial, the leaves forming in rosettes 
usually one to two feet in height from the surface of the water. 
The leaves are of two kinds: those below the surface of the water 
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are long and narrow, while those above the water line are usually 
broad, obovate to nearly circular. I’hc leaf sterns are enlarged 
into oval bulbs tilled with aircells, especially in young plants and 
when the plants are growing in small grouirs. When the leaves are 
crowded the bladder^like petioles are not so large. 



Fi<;. ‘A An inland creek completely covered with water hyacinth. 


The stern which bears the flower is about, a foot long, with a 
single leaf and several wavy-inargined slieaths at and above the 
middle. This stem bear’s about eight flowers in a loose terminal 
spike. The flowers are funnel-shaped, pale violet in colour, with six 
lobes, the upper of which is larger than the others and has on it a 
large patch of blue with an oblong or pear-shaped spot of bright 
yellow in the centre. The stamens are all curved toward the tip, 
three of them long and three short. The seed pod is three-celled, 
becoming an egg-shaped or elongated capsule with the withered 
perianth remaining attached. 

The plant produces numerous seeds. At maturity, the stem 
bends so as to immerse the pod. Propagation is also by means of 
runners which send out roots from the nodes. 
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TJie roots are of two kinds: horizontal roots, which are often' 
thick and fleshy and pieces of which will grow readily; and vertical 
roots with a slender, wirelike stem, often as long as two feet, covered 
with small fibrous roots which give them a feathery appearance. 
The roots are exceedingly imnierous, forming a dense brushy mass. 
Where the water is shallow, the roots penetrate the soil and become 
anchored, but in deeper water they float freely. 

The tops are easily killed by frost, for the plant is a native of 
tropical South America, but the root system is kept alive by its 
immersion in water. 'I’lie growth is most vigorous in spring. During 



Fig. 3. Floating niassea of water hyacinth. 


the season of low water the leaves become yellowish and growth 
appears to be retarded. After the plant has been established in any 
locality for a number of years, the growth is less vigorous than when 
young, but after a flood it resmnes its vigorous growth in response 
to the new supply of nutrient material. It is quite sensitive to salt 
water, but thrives in subsaline or brackish water. 

Control. 

The w'ater hyacinth is so abundant in Florida, Louisiana, 
an4 Texas as to obstruct navigation in the waters emptying into the 
Gulf of Mexico. Its eradication was entrusted in 1899 to the United 
States Engineer’s Office of the War Department, to which was given 
“ authority to remove the plant by any cLemical, mechanical, or 
other means whatever.” From that time the Engineer Office has 
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worked continuously on eradication, and lias spent hundreds of 
thousands of dolhirs in attempting to remove it from navigable 
streams. 

No methofl lias ever l)eon found which will completely remove 
the plant at a reasonable cost, although every known chemical 
has been experimented with ; but the sftlution which has been found 
most effective is an arsenical spray. 

The water hyacinth is eaten with relish by stock, and in Florida 
its use as a feed had l)ecome so well estalilished that it was considered 
necessary, in making an apj)ro])riation by the Fivers and Harbours 
Act of 1905 for the removal of the plant from the St. Johns river 
and other navigable stieams of Florida, to inseif a pioviso that •“ no 
chemical process be used injurious to cattle.” It was at tinst attempted 
to break up the masses of the plant and push the })iec('s into the 
current, but this was found unsatisfactory and exceedingly exjrensive. 
Since 1909 an elevator fixed to a baige has been ii.sed which gathers 
the plant in much the same way as kelj) is gathered. Fixed booms 
are maintained across non-navigalde streams to prevent the plant 
floating into navigable streams, and movalJe and semi-automatic 
booms to prevent its floating from one navigable stieam into 
another. Labourers and watchmen are employed to detect or juevent 
the spread of t he plant. 

In the other (jiutf States, the use r)f chemicals is not prohibited, 
and although some difficulties are encountered by owners of stock 
along the st reams allowing their animals to eat the .sjmiyed jdant,, 
with fatal results, in general local co-operation is obtained in 
combating the pest. 

In Louisiana, two barges, propelled by gasoline launches, and 
equipped with tatdvS for mixing and pum])S for spraying the chemical 
solution, are kept continually in service from about A])ril 1 to 
Decemlwir 1 of each year. It is necessary also to maintain booms 
across the stream as in Florida. 

To make the solution used in spraying the water liyacinths, 
600 pounds of white arsenic and 600 jiounds of sal soda are placed in 
a tank with about 600 gallons of water. Uie mixture is brought 
to a boil and kept boiling for two hours. It is then drained 
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off and diluted with cold water to 9,000 to 12,000 gallons, depending 
on the strength of solution desired. 

For spraying the solution over the liyacinths a duplex Worthington 
pump 4| inches by 2| inches ])y 4 inches is u.sed, with one-inch 
six-ply steam hose and a I'hdler nozzle which is designed to give a 
very fine spray. 'J’he ])ressure on the hose is usually 50 pounds. 
On warm sunshiny days, one gallon of the diluted solution is 
ordinarily sufficient to de,stroy ten .square yards of hyacinth.s. If the 
day is cloudy <»r cool,, a larger quantity is necessary. Where the 
hyacinths are v(M'y tall, the spray rites not reach the shorter plants, 
and a seermd ajrjdication becomes nr'ce.ssary tr» reach those not 
killed at first. In the yr'ar ending June J(», 1919. the two barges 
sprayed l.trl.J.JHJ ,S((ua7e yards (if the hyacinth in Tjoutsiana waters, 
u.sing 201 .tuts gallons of solution, at a total cost of $ 13,464'2], or 
$ 0-(K)83 ]>er srpiare y.ird. 

In spite of the enormous rpiantities of this pest de,stroyed 
annually .“^ince the work was first undertaken in 1899. it is still neces- 
s.iry to repeat the cmitrol measures year after year. So insidious 
is this floating menace to navigatirtn that wheiever the strictest; 
precautiruis ai'o not ob.served, a stream or harbour may be over night 
rendru'ed impa.s.sal.>le. 

It is hardly likely that tliis tropical plant could become 

established naturallv in the waters of the Siicramento and San 

« 

.loaquin rivers in California, but it is extn'inelv juobahle that if once 
transplanted here, it would spread ra])idly and soon prove as great 
a menace to navigation as it is in the waters emptying into the Gulf of 
Mexico. 



BRITISH CROP PRODUCTION * 


BY 

EDWARD J. RUSSELL. F.R.S. 
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Fodder and hay crops play a more important part than 
cereals in the economy of the farm, because they are the raw mate¬ 
rials for a highly important part of the farmer’s business—the 
production of meat, milk, or butter. They are too bulky to trans¬ 
port in any quantity and farmers use only as much as t hey them¬ 
selves grow. The output of meat and dairy produce is, therefore, 
limited by the quantities of these crops at the farmer’s disposal. 
The quantities produced just before the war and in 1918 were:— 


Prodndion of fodder mid hay crojis. 



YmjD PEE ACBE 

1908-17 1 

AcKBAflK, MIIJaHJNS OF 

ACRK8 

Total 
produce, 
millions of tons 


England 

and 

United ^ 
Eongdoml 

England and i 
Wales i 

United 

Kingdom 


Wales 

Tons 

. 


. 





Tons 

1914 1 

i 

1918' 1 

1 

' 1914 

1918 

1914 

1918 

Swedea 

13-0 

140 

104 

0-91 

1-75 

1-80 

24-2 

22-8 

Mangold* 

195 

19-5 

0-43 

1 0-41 

0-5) 

0-50 

9-6 



Cwt. 

Cwt. 

i 

i ! 





Hay (temporary).. 

29-1 

32-2 

1-5.5 

1-45 

2-90 

2-80 

4-2 

4-4 

Permanent graaa .. 

22-6 

27-9 

4-79 

4-30 

6-49 

6-95 

8-2 

7-9 


* Disoonrae delivered at the Royal Inatitutioo in February 1920. Reprinted irom Nature, 
.dated ISth April, 1920. 
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Like cereals and potatoes, these crops are greatly affected by 
artificial fertilizers, especially by phosphates, which increase not 
only the yield, but also the feeding value per ton. This is strikingly 
shown in the case of swedes and turnips, which receive a large part 
of the superphosphate made in tliis country. Mangolds respond 
remarkal)ly well to potassic fertilizers and to salt. There is much 
to be learned from a systematic study of the influence of artificial 
manures on the composition and feeding value of these crops under 
the varied conditions of this country. 

A further reason foi- the important part played by these 
crt»ps in the economy of the farm is that they profoundly affect 
the fertility of tlie soil. They do not remove from the soil 
all the fertilizing constituents which must be added to secure 
maximum growth; some of these constituents are left behind 
in the soil to benefit the next crop -a rare instance of double 
effectiveness for which the farmer ought to be profoundly 
thankful. In the second place, even the fertilizing constituents 
which are absorbed by the crop are not entirely retained by 
the animal; considerable quantities are excreted and pass into 
the manure, and again are added to the soil. I'here is, therefore, 
the possibility of constant improvement of the soil; larger fodder 
crops enable more livestock to be kept, niore livestock make 
more manure, "and more manure gives still larger crops. It is 
sometimes argued that meat or milk production is in some way 
opposed to corn production, but on this method there is no 
antagonism; on the contrary, each helps the other. The production 
of more meat is consistent with, and indeed involves, the production 
of more corn. 

The simplest way of utilizing animal excretions without loss is to 
allow the animals to consume the crop on the land where it grows, 
and tliis is frequently done excepting where the soil is so sticky 
as to become very unpleasant in wet weather. Sheep are the best 
animals for the purpose, as they are easily penned in by light hurdles, 
these being moved as each portion of the field is cleared ; this folding 
is a common occurrence on the chalky and sandy soils of the Southern 
and Eastern Counties. 
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Bullocks are less tractable, and cannot be enclosed by light 
hurdles ; they are, therefore, generally kept iti yards, roofed in if 
possible, Init oftentimes open. Suffii^ient straw is added to provide 
them with ])edding and to soak u]) the excretions. In this way the 
fertilizing constituents of the straw as well as of the food are returned 
to the soil. 

In the case of dairy cows the treatment is rather different; 
they have to be housed properly in quarters which are .so'metinus 
palatial, and ff>r hygienic rea.sons they are allowed but little bedding. 
Their manure is removed once daily sometimes oftei\er the 
primary object being to get it away without contaminating the 
milk. The investigations already nd'erivd to for wdiich Lord Elveden 
provides the funds are now being extetuh>d to the dairy farm to se(* 
how’^ far it is po.ssible to save the manun' without prejudice to the 
purity of the milk. 

In the old days, wdien farmyard manuie was the only manure 
and the old type of implements alone were available, farmers had to 
arrange their crops on a delinite plan in order to get through their 
work and maintain jiermanentlv the productiveness of the land. 
There thus grew up a system known as the rotation of crops, which 
contributed very largely to the agricultural developments of the 
sixties, and idtiniately became a rigid ruh^ of husbandry strictly en¬ 
forced over large ])arts of the <'ountry. JModr'rn cilltivation imple- 
mentvS and fertilizers ju.stify much mojc latitude', however, and no 
good fanner ought to be restricted in his croj)ping, provided, of course, 
that he maintains the fertility of his land. It is sometimes a 
convenience on the dairy farm to grow the sanx- cioj) year after year 
on the same land and the Lot ha n isted exjx'riments show tliat this 
can l)e done excepting ojdy in the case of clover. With this exception 
there is no more need to have a rotation of ci\)ps than there is to 
have a rotation of tenants in a house. It. is essential, however, 
that the land should be kept free from other comjMJtitors and from 
disease germs. Freedom from competition means the exclusion of 
weeds. In the old days this had to be effected by periodical bare 
fallows. Nowadays a different course is possible; modern cultiva¬ 
tion implements worked by a tractor allow great scope for the 
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suppression of weeds. There is, however, one crop that must be 
grown periodically to ensure the best results— clover or a mixture 
of clover and grass. Clover affords valuable food for cattle during 
winter, and it also enriches the soil in highly valuable nitrogenous 
organic matter. Much of this is Ihe work of the plant itself, and could 
equally well be done by grass; but tlie enrichment in nitrogen is 
the work of bacteria residing in the nodtdes in the clover-roots and 
is unique among the phenomena of the farm. 

Unfortunately, clovei-. unlike other crops, cannot be grown 
frequently on tli<‘ same land, and, consequently, tlie farmer is unable 
to juake as much use of it as he would like. Investigators have for 
many years been trying to increase the effectiveness of the clover 
organism, but without result. Inoculation of the .soil with virulent 
strains has be<'n tried, but it was unsu(;ce,s,sful in this country, 
although results are claim('d in the United States. The problem 
has recently been taken uj) at Hotliam.sted, and one reason found 
for th(' pr(‘vious failure. The organism lias .several .stages in it.s 
life-hi.story, one of which is a period of rest ; some conditions favour 
a long re.st, others a shortei’ one, and Mr. H. C. Thornton is endea¬ 
vouring to find out how to increase the activity of the organi.sm in 
the soil and ensure that its work shall be done. Attention is being 
devoted also to the cau.ses of failure of the crop. The clover crop 
furnishes .some of the most important pioblems in arable farming 
before us. 

In the meantime, a working solution lies in growing an admix¬ 
ture of grasses with the clover. This reduces tlie risk of failure 
while considerably bejiefiting both soil and farmer. 

A typical arable district is thus a busy region in which both 
farmers and workers arc ke])t constantly occupied. 'I'he crops 
ctlaim attention all through the yeai‘, and particularly in summer, 
while in winter the animals need attention. Four or more men 
can be regularly employed per 100 ai-res. An organized village 
life has developed, having distinctive characteristics of its owm and 
presenting endless scope for the intelligent sot^ial worker. 

Grass farming, on the other Jiand, stands out in sharp contrast 
with all this. The grass farmer puts his animals into the fields, 
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and Nature does the rest; when they are fat he sells them to the 
butcher. It is essentially summer work; the winters are left free. 
As no man can long remain idle, there has. been an extensive 
development of hunting and its attendant occupation, horse-breeding, 
in the English grass regions. While the grass farmer’s life is not all 
idyllic joy, it is, at any rate, free from much of the worry and 
uncertainty of arable farming, and it brings in sufficient, money to 
ensure a modest competence. One can quite understand the 
reluctance of the farmer to quit this path (ff' safety. 

If one could accept the doctrine that a man could do what he 
liked with his land, the grass fanner could l»e left alone and reckoned 
among Virgil’s too happy husbandmen. But this doctrine is now 
somewhat out of court, and the needs of the community have also 
to be taken into account. From this point of view grass husbandry, 
in spite of its safeness for the individual farmer, is not so gocKi for the 
community as arable farming, since it is less productive j)er acre of 
ground. TJiis was realized before the war. and was vividly brought 
to the notice of farmers by Sir I’homas Middleton, who diew’ up the 
following table : — 


Number of persons who could be supplied with energy for one 
year from the p'oduets of 100 acres of 


I’oor paHturc convt-rtfd into meat 
Medium jiasture ditto 

Rich Jiasture ditto 

Arniileland producing corn and meat 


2-1 

i2-l» 

2."i-.>0 

lOO-IIO 


The area of rich pasture is very restricted. An improvement 
can often be made in poor anti medium pasture by the use of basic 
slag, by drainage, ttnd in other ways, but the results could probably 
never surpass those now obtained on rich pasture. None of them 
approach the results obtained on arable land. 

During the war, therefore, the policy of the Food Production 
Department was to convert grassland into arable, and mucii was 
done; but now that the element of compulsion has disiippeared 
some of the arable has gone back to grass. It is not that the farmer 
is trying to avoid work; he is impressed by the greater risk of arable 
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farming,* and, above all, he desires to keep to the well-established 
principle that his system of husbandry must suit the local conditions. 
This is strikingly shown by the following returns from a large number 
of farms:— 


Collected by the Agriadtural Costings Committee. 



Income 

Expenditure. 

I’rofitf 

Capital 


: jwr aero 

1 

per acre 

per aero 

per acre 


1_ 


__ — . 

— —.- - 

-- 

Emolant) and Wai.ks— 

' £ X. d. 

£ 

M. rf. 

£ X. d. 

£ rf. 

Mixed farms 

!> 12 r. 

10 

2 11 

1 7 2 

13 9 0 

Dairy liirms 

.. U 17 f. 

13 

18 r. 

1 7 4 

15 7 0 

Corn and sheep 

7 7 1 

7 

4 10 

1 14 2 

12 10 9 

Large sheep farm 

1 4 

0 

17 6 

0 8 3 

1 7 10 

All.Scotti.sli 

r. 10 $) 

4 

ir. 10 

1 4 11 

7 7 9 

The profit per 

acre from the largi 

^ sheep farm is small in itself. 

but it is large in 

proportion to 

the 

capital 

and the 

3xpenditure, 


and, given a sufficient acreage, the farm is more lucrative than the 
more risky mixed or dairy farms. The risk of corn production can, 
and probably will, have to be met by some system of insurance or 
guarantee, but the need to conform to local conditions will always 
remain. 

The problem therefore arises: Can a system of husbandry 
be devised which suits the natural conditions as well as grass, and 
is as productive of total wealth as arable crops ? I believe this can 
be done. Grass is not the only crop adapted to moist conditions or 


• On our orilinary farm at Itothanisteil (distinct from the experimental land) the exiien- 
diture on arable land is continuously increasing, while that on the grassland is muoh loss. 
The figtrren arc : — 



1913-14 

1917-18 

19] 8-19 


£ 

s. 

£ 

8 . 

£ 

Wheat 

6 

7 

10 

14 

14 

0 

Oats 

6 

4 

9 

7 

14 

6 

Boots 

17 

10 

20 

18 

36 

0 

Potatoes 

21 

1 

37 

11 

46 

0 

Grass (hay) 

3 

12 

4 

16 

6 

0 

., (grazing) 

2 

16 

2 

4 

3 

0 


Direct wage (rnymentfl account for about_40 per cent, of the expenditure on arable land, 
but for less than 16 per cent, of that on grassland. 

f Ijufluding change, in ▼aliiatiop. ... 


6 
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heavy soils, and appropriate for the production of meat and milk. 
Many other leaf or root crops serve as well, some of which yield much 
more food per acre than does grass. Vetches, rape, mangolds, kale, 
and marrow-stem kale can all he used dii-ect, and there are various 
mixtures of oats with peas, tares, vetches, etc., that can he fed green 
and made into hay or silage as the farmer may wish. The use of 
these crops in the place of grass for the feeding of livestock is -known 
as the soiling system. 

We are only just Ijeginning to discover the comhinations of 
crops best suited to particular conditions. An interesting experiment 
is in progress at the Harper Adams Agricultural College, which, 
however, should he repeated elsewhere. Each crop is governed by the 
same general laws as hold for (•ercals. In each case the jneld and 
feeding value can both l.’c increased h}’ the proper use c>f artificial 
fertilizers, and there is the further possibility of great improvement by 
the plant-breeder. 

It is in this direction that I think Britisli agriculture will develop 
in the future. The system is strictly in accordance wdth the laws of 
science, and therefore it needs a minimum amount of artificial 
support. It gives the fanner abundant scope for the production of 
livestock, which he has always regarded as his sheet-anchor, and the 
community an abundant productit)n of food per acre. Most impor¬ 
tant of all, while retaining the best features of our present arable and 
grass systems, it allows of considerable further development. 

I shall not venture any opinion as to how' far w^e could go in 
feeding ourselves. The accompanying talde shows what we did 
before the war, and wdiat, on our present technical knowledge, we 
could do now, assuming that the insurance problem of covering the 
extra risks of arable farming were solved, and assuming also a 
reasonable increase in the efficiency of labour. 

In this country we can certainly hope to find the solution of the 
insurance problem, and I hope and ]>elieve of the labour problem 
also. Our output per acre of the arable crops'is distinctly above 
that of many other countries, though we no longer lead as we did in 
the sixties. Our output per man, however, is not particularly good, 
and is open to consuierable improvement. Those who know the 
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agricultural labourer best have the fullest faith that his sterling 
qualities will enable him to rise to the new levels of industrial capa¬ 
city which the man of science and the engineer have opened out for 
British agi'iculturc. 'rhere are anxious days ahead, but with wise 
and sympathetic treatment tlie difficulties’ can be solved and our 
future assured. 


Comumpf,i(m and prfMadion oj human Jood in the United Kingdom. 

Million U)m 'per annum. 



! 


Homk intonrcTioN 


(‘onsiiin|ili n , 




’ 

I’re-wur 

Estimated 

attainable 

Wheal, barley nn'l oats 
other cereals 

;!•:> 

()-r» 

; 7(» lO-O 

Potatoe< 

5*.5 - 

■1-8 

(»•;{ 7-() 

Da rv prcKluee .. 

Meat 

r)-2 

•(•7 

l-H 

! .. r»-o 

i ,. ' 2-0 


* Mr. Mi'Ciinly tlir fullowiiiK <lo(«.ils for IHKJ (m'O Timtu. February 18, 1920) - 


('inisumplim fiiifl jirothirlioii of food in Iht United Kingdom, 1919. 




PROPOIITIOS OK HOME-GROWN AND 

(Wimodity 

Estimated total 

IMfORTED I'RODtICE INCLUDED 

uonsinniition 


-- — 



Honie-urown 

Imported 


' Tons 

Per cent. 

Per cent. 

Wheat 

7.:i9.").00(t 

27 

7.3 

Barley 

l,956,0(K) 

(4 

Mi 

Oats 

^297,0(H> 

92 

8 

Beef and ren! 

99r>,(H»(» 

()<> 

U 

Mutton and lamb 

ItOH.tMH) 

f)7 

43 

Baoon and hams 

447,(KH» 

19 

81 

Butter 

IStMKHl 

.58 

42 

Cheese 

Ho.tKH) 

30 

70 


NcdfJi, 0(!rcal» : Tlio quanlitips are pivpn after deduction for seed, and in the cases of wheat 
for tailings also. Bacon : The quantities given are for bacon as smoked or dried. 









THK ORIGIN OF THE KUGAHCANE.-' 


Tracing the pa&sage of any cultivated plant from its wild 
conditions is always a fascinating amusement. Language, history, 
botany, all three lines have to be carefully followed out, and it is only 
by the convergence of the three that any certiiinty can be attained, 
especially when the cultivated form is no longer directly traceable 
to any wild ancestor. In the case of the sugarcane, all three of 
these lines are available in south-eastern A.sia, and the result arrived 
at is that the sugarcane is thought to have arisen from a wild grass, 
widely spread over India and the parts of Asia east of it and extending 
over some of the islands of the Pacific. The presence of a very 
ancient language and literature in India has perhaps somewhat 
obscured the claims of oceanic islands which have none of these 
advantages. As to whether the Pacific Islands have a right to be 
considered as a home of the original plant from which the cultivated 
sugarcanes have arisen, this imxst be left to'the last named line 
of study, namely, that of botany. 

Saccharum spontaneum is the only wild species in the genus 
which has close botanical relations with the sugarcane, which is 
named botanically Saccharum officinarum. It is found in every 
part of India and shows itself remarkably sensitive in its varieties 
to the moisture of the locality. Thus in the Punjab it is a small 
wiry grass which causes considerable trouble in the fields; this fonn 
extends as far as the Central Provinces, but further south it is 
confined to wet places, ditches and river banks, and shows no inclina¬ 
tion to become thicker and more cane-like in the tropical conditions 
of the Madras Presidency. In Bengal, Assam, and Burma, however, 


* Bapdatad from Uw International Sugar Journal, May 1920. 
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where the air is moister, a niunberof thicker forms are found with 
broader leaves, some of which, such as that met with in the ponds 
around Dacca, show a close approximation to the more primitive 
groups of indigenous Indian canes. The botanical evidence, therefore, 
suggests that the transition from the wild to the cultivated form may 
be most reasonably sought less in the tropical parts of India than 
around the north of the Bay of Bengal, and this is the view usually 
held. Even in the Punjab, where the wild cane is a field weed, the 
cultivator points to it as the ancestor of the sugarcane, and there 
is some evidence that in former times the thicker Bengal form was 
occasionally crushed, on the banks of the Hooghly, for its half-sweet 
juice. 

But the fact must not be lost sight of that there are a number of 
distinct groups among Indian sugarcanes, and it is only in the 
primitive Saretha series that this line of derivation is clearly seen. 
Many of the members of this group show marked resemblances 
to the wild Saccharum sponlamim. The varieties differ a great 
deal among themselves and, starting with primitive forms in the 
Punjab, extend east and south ever increasing in size as they approach 
more congenial conditions of climate. The Sunnabile group, with a 
similar distribution, show some evidence of being derived from the 
same source, in that its most primitive forms in the Punjab are 
with some difficulty distinguished from the smaller Saretha varieties. 
But the connexion between these two groups and the Mungo, Nargori, 
and Pansahi are obscure, and if they are to be traced also to Saccha- 
rum spontaneum one cm only suggest that, at some former time, the 
whole species passed through a mutational period whereby a series 
of new forms were developed which have served as the starting 
points for these three groups. They are among themselves much 
more homogeneous, and as distinguished from the Saretha and 
Sunnabile give rather the impression of being merely cane varieties 
which have undergone slight modifications through being long grown 
under special climatic conditions. They would thus appear to be of 
later origin and are, as might be expected, much more restricted in 
their geographical range. The same line of development' might 
be suggested hustly for the thick cane group, if we are to regard 
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them also as having arisen in India from a wild ancestor. But it 
occurs to the writer that, in considering their characters, we may 
have to look to another place for the origin of the tropical forms. 
The common origin of the whole of the cultivated sugarcanes was 
assumed at a time when no careful morphological studies had been 
made of them. During the past eight or nine years this part of our 
knowledge of the sugarcane has made great strides, and various 
systems of natural classification have been worked out, founded on 
variations in the character of the different vegetative organs of the 
plant. A serious attempt has, at the same time, been made to form 
a continuous series, commencing with the wild Sacchanim spowfa- 
neum, passing through the indigenous Indian c anes, and culminating 
in the thick tropical varieties which form the main sources eff our 
commercial sugar in the tropics. 

In many sugar-growing countries, where the conditions have 
proved adverse to these comparatively delicate thicker canes, 
members of the Indian groups have effected a footing. The most 
important, from our point of view, of these introductions has l^en 
that into South America, for it appears to have occurred so long ago 
that no one can say exactly when it took place; and it has only 
been by the exact study of the Indian groups that the sourc^e of the 
immigrant has been definitely settled. I’his throws some light upon 
the theory, somewhat loosely held, that the thicker tropical forms 
have been derived from the more primitive Indian forms by long 
acclimatization in warmer, moister regions. Influenced by this 
belief, a series of the North Indian forms were brought down to 
Madras some eight or nine years ago, and grown continuously under 
the same conditions as the tropical canes usually planted there. 
It was desired to see if any change in the direction of thick cane 
characters would take place. The period is of course far too short for 
any reliable opinion to be formed, but it may be recorded that there 
appears to be no trace of any change, I'he discovery that the South 
American thin canes were of the Pansahi group, still retaining all 
the peculiar morphological characters of that class, was at once 
recognized as of importance in the enquiry; and it was this that first 
suggested to the writer that the gulf between the Indian caxm and 
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those of the tropics was insuperable within the limits of agricultural 
time. The idea of a separate origin of the thick cane group has 
recently been strengtliened by an appreciation of the fact that, at 
one time and anotlier, the finest of tlie tropical canes have been 
received from among the islands of the Pacific, where no careful 
agricultural selection was likely to occur. The supposed origin of 
the Bourbon cane from Malabar need not be taken very seriously, 
for anyone acquainted with the character of the canes growing there 
will find it difficult to believe that such a form could have been other¬ 
wise than a temporar}' introduction by the Portuguese, if ever it got 
there. Quite recently a magnificent series of new canes, fully equal 
to any that have brought wealth in the past to the cane-growing 
countries of the tro])ics, have been discovered in the unexplored 
recesses of Mew (luiiiea, a place sufficiently remote to make it 
practically impossible that tliese could have been derived from 
India. We are driven then to conclude that the thick cane group, 
essentially diil'erent in so many respects from the indigenous Indian 
ones, has arisen from a separate centre, namely, the mountainous 
islands of the Malay Archijielago and Polynesia. It is interesting 
to note that Saccharunt sponfaiwum is recorded as indigenous in 
many of these islands as well as in India, so that we have still the 
possibility of this species being the ancestor of the thick canes. 
But it seems to the writer probable that, in the absence of connect¬ 
ing links, it is more reasonable to assume that the thick canes as a 
group arose rather from an allied species now lost in the wild state. 
This separate origin would do away with the anomaly that, while 
in the Indian series the capacity of produdng fertile flowers and 
seedlings steadily diminishes with distance from the wild form, it 
returns in full force with the thick canes, which in any connected 
series from a common origin would presumably be the most highly 
developed of the cultivated varieties and groups. [C. A. B.] 



fltttes 

THE GINNING PERCENTAGE OF COTTON IN ITS RELATIO 1 

TO THE SEASON. 

During the past four years the Padu Experiiuental Station 
(Sagaing District, Burma) has experienced one exceptionally un¬ 
favourable season for upland cultivation, and in that season the 
ginning percentages as well as the yields of all the cottons under 
cultivation uniformly dropped. The writer has nowhere seen it 
recorded that the character of the season has such a marked influence 
upon the proportion of lint to seed and he is seeking to know whether 
this has been the experience of others. 

In the accompanying table it will be seen that, whilst the relative 
ginning percentage of the different strains remains nearly the same, 
they have each dropped roughly about 3 per cent, during the year 
1918-19. In the-following normal season those of which the cultiva¬ 
tion has been continued have returned to their normal ginning 
percentages of the previous years. 
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The Padu Experimental Station is situated in a dry tract growing 
principally wheat, gram, cotton and sesamum—^the two last being 
cultivated almost entirely on the coarse, red, sandy soils of the 
uplands only. The rainfall is a capricious one, and if it be the case 
that the season has so marked an effect the ginning percentage of 
cotton from this region will be very difficult to maintain from year 
to year. [E. Thompstone.] 

* 

* * 

AGRICULTURAL EDUCATION IN MADRAS. 

The question of attracting a better class of students to the 
Agricultural College at Coimbatore has for some time past been under 
consideration of the Government of IMadras. The present courses at 
the college were introduced in 1914 when the old three years’course 
was replaced by one extending to three years and a half. The first 
two years of the course formed in itself a separate (certificate) course 
mainly devoted to agriculture, while the remaining one and a half 
years’ course, devoted to sciences allied to agriculture, formed a 
continuation of the first and qualified for a diploma. The working of 
this course and the standard attained by students admitted under it 
have, however, been the sulqect of some discussion, and the Local 
Government have now decided that tlie certificate and the diplojua 
courses should be separated froni the beginning ; and tliat, while the 
qualification for admission to the certificate course should ordinarily 
be a Secondary School-Leaving C’ertificate, that of the diploma course 
should 1)6 the Intermediate Examination of the University with 
Physics, (.'hemistry or a Biological Science. The Local Government 
have further authorized the Director of Agriculture to award 
annually scholarships of the value of Rs. 25 each per mensem to 
students not exceeding twenty in number. It has also been decided 
that tuition and lodging will, as heretofore, continue to be provided 
free of charge. [Editor.] 

# 

« >ii 

SEED ELECTRinCATION. 

Messrs. Sutton and Sons, Reading, have published an 
interesting contribution to the literature on seed electriffcation. This 
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bulletin (No. 11) presents the results of a number of germination 
and field tests carried out in 1919 with seeds of carrot, swede, 
cabbage, and mangold. The best-known process of seed electrifica¬ 
tion, viz., the Wolfryn process, consists in immersing the seeds in a 
solution either of common salt and water or of calcium chloride 
and water, through which an electric current is then passed. After 
this treatment the seeds are dried at a temperature of 100°F., and 
they are then ready for sowing. Obviously two processes are here 
involved, seed immersion and seed electrification, and the Reading 
experiments were designed primarily to test the value of the Wolfrjm 
process, and secondarily, if there are advantages, to decide whether 
they are due to the immersion, to the electrification, or to both agents 
ci^mbined. 'J'ests were made with untreated seeds, with seeds electri¬ 
fied by the Wolfr)ai process, with seeds soaked in a solution 
of sulphate of ammonia, and with seeds soaked in a solution of salt 
and water, the strength of the solution being the same as that used 
in the Wolfryn process. After immersion the seeds were dried at 
lOO'F. and then sown. Regarding tlie tests as a whole, they do not 
reveal any iwlvantage from seed electrification, the only possible 
exception occurring in the case of mangolds, where the gennination 
of the elec^trified seed was J>4 per cent, compared with 82 per cent, 
for the untreated seed and 86 per cent, for the seed soaked in the 
salt solution, while in the field tests the electrified mangold seed 
yielded 62 lb. per pole more than the untreated seed. In all other 
cases either the electrified seed gave a lower yield than the seeds 
treated in other ways, or the increase following electrification was so 
small as to be negligible. {Nature, May 13, 1920.] 

* 

* * 

LOW-GRADE SUGARCANE MOLASSES (BLACKSTRAP). 

There is, perhaps, no stock-feeding material that has aroused so 
much general interest among stockowners and feeders in this country 
(Louisiana) as low-grade sugarcane molasses, or “ blackstrap.”. . .. 

The term “ blackstrap ”♦ is given to the low-grade uncrystal- 
lizable residue of the sugar-making, or sugar-refining, process, which 
at one time, in Xiouisiana at least, was discarded as of no economic 
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value and, consequently, wasted, so far as its feeding importance 
was concerned. 

The use of molasses as an appetizer and tonic for stock has been 
in vogue with owners and feeders for quite a length of time, however; 
but as a food nutrient of the carbohydrate class, its extensive and 
intelligent adoption dates back only to more recent years, and it is 
being utilized now, not only as a regular ingredient of mixed rations 
on plantations and farms, but by the commenual world in the 
various so-called “ sweet feeds ” that are to be found upon the 
market. 

It should be understood, however, that while blackstrap is a 
most valuable food of its class it is not a perfectly-balanced food in 
itself, as it supplies, in the main, only one of tlie nutritive elements 
(carbohydrates) of a mixed and balanced ratif)n. 

It is valuable for at least foui' very good reasons, viz., (1) its 
palatability ; (2) under normal conditions, its cheapness as a source 
of the carbohydrate element-sugar ; (3) its higli carbohydrate con¬ 
tent approximating 53 per cent. ; and (4) the almost conjjlete 
digestibility of its contained carbohydrates. 

It is the writer’s opinion that the marked success which has 
attended its adoption during the past number of years is almost 
wholly due to its ])alatability ; its condimental effect in promoting 
more perfect digestion of other feeds fed with it; and the readiness 
with whicli it. can be absorbed iiito the blood system of the animal 
for purposes of nutrition. 

The earlier analysis of blackstrap showed a somewhat higher 
percentage of carbohydrates -sugar ; but owing to the increased 
efficiency in the process of producing sugar to-day, the percentage of 
its carbohydrates has been reduced to some extent. 

The following may be taken as an average of its composition at 
the present time : 


Ury matter 

Water 

A eh 

Carbohydrates 

% 

% 

% 

% 

77-75 

22*25 

8*13 

63-68 


Some years ago the writer addressed a questionnaire to some 
forty-seven large sugar-plantation-owners in Louisiana to try to 
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obtain some more or less definite information, regarding results they 
might have had after utilizing their blackstrap in the feeding of 
their work mules, the number of which approximated 4,500 head. 
In the replies received, practically everyone conceded to a consi¬ 
derable saving in the amount of his feed bills ranging from ten to 
fifty per cent, or more ; and all seemed to*"refer to the marked 
diminution in the number of cases of dietetic troubles, such as colic, 
etc. ; and that the health, and, therefore, the capacity of the animals 
for work, was very much improved. 

One could scarcely wish for a higher endorsement of any food 
product, in the case of horses and mules at least. 

The feeding of molasses is not now confined to horses and 
mules, however ; it is being used with equal succe.ss in the feed-lot; 
in the dairy ; in the hog-pen, etc. 

From’iuquiries received, it would seem that some feeders not 
hitherto accustomed to the use of molasses do not appear to quite 
understand how it should be used to the best advantage. 

Here it may be stated that its economic use would depend upon 
the availability and cost of other carbohydrate concentrates. 

For example, if corn should be expensive, and molasses consi¬ 
derably cheaper, it would reduce the cost of the ration if part of the 
corn should be replaced by its equivalent weight of molasses, as the 
sugar in the latter, while not quite equal to in amount, approxi¬ 
mates the starch in the corn, both of which have the same chemical 
composition. However, we do not deem it altogether advis¬ 
able to make a complete substitution ; but a partial substitution 
will frequently economize in the use of corn under high-priced 
conditions. 

Again, it is better to feed molasses where the other ingredients 
of the ration are in a crushed or mealy condition so as to insure 
better mastication, or chewing of the whole. When fed with whole 
grains alone, such as oats or corn, there is a tendency or liability on 
th4 part of the animals, especially horses or mules, to “ bolt ” their 
food without the necessary chewing of the grains. 

For different classes of animals, we submit the following 
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For horses or mules weighing 1,000 Ib. doing hard work and 
per day : 

Lb. 

2 CV)ttonsee(l meal, 
f) Oackcd coi n or chops, 
f) or 7 Blackstrap, 

12 Peavine, alfalfa, ies])edeza, or any of die good legumi¬ 
nous hays. 

[W. II. Dalrymf'LIO in the Louisiana Pluntnr and Siu/ar 
Manufacturer, Vol. LXIV, No. 20.| 

* 

♦ ♦ 

A NOTE ON SOME PRELIMINARY EXPERIMENTS FOR 
STUDYING CROP IRRIGATION. 

The usual bed method of irrigating gar(l(>n crops in the Bombay 
Presidency, even when small ridges are made and the water is 
impounded, is open to many criticisms, chifd of which is that it 
causes the fonnation of a crust, when the water sinks into the soil, 
from which evaporation goes on at a rapid rate. .Moreover, while 
the water is standing over the soil, the circulation of the air in the 
soil is checked if not altogether stopped. 

When water remains impounded for .some time, as is often the 
case in sugarcane cultivation, thus stopping the circulation of air, 
the oxygen for the growth of the roots and the soil organisms become 
deficient and their activities stop or proceed at a very low rate. 
If anaerobic conditions continue those organisms which are injurious 
may become established. Denitrification of the manurial sub¬ 
stance may occur or pathological changes in the plants, due to 
such organisms as sugarcane red rot {Colletotriehum fcdcatum) and 
ginger soft rot {Pythium qraeih). may result. 

Continued wetting of the soil in bed irrigation has a puddling 
effect, as the fine particles of the soil are washed downward ifnd 
become packed into the interstices so that capillary movement and 
even percolation become reduced, often to such an extent as to 
make the soil unsuitable as, the home of plant roots and of those 
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beneficial nitrifying bacteria which effect the transformation of 
manurial matter into plant food. 

When small beds are made, the useful operations of after-tillage 
so necessary to keep the soil in a healthy condition are hindered 
as all that can be done must be accomplished by inefficient and 
expensive hand-work. 

The curtailment of intertillage necessitated by the small bed 
sy.stem allows the soil paddling and evaporation to go on 
unhindered. 

The ideal soil condition requires that the finer particles must be 
united into granules tf> form a crumb-like structure over the parti¬ 
cles of which a him of "apillary moisture will freely move in all 
directions and thr^nigh the interstices between the granules the 
soil air will circulate freely as it is acted upon by the wind at the 
surface and the changes of temperature. Under such conditions 
the roots and the beneficial soil organi.sms make their maximum 
growth, while morbid and denitrifying organisms are destroyed or 
held in check. 

How can irrigation be applied so as to enable us to maintain 
the soil in this condition as near as possible and at the same time 
avoid as much loss by percolation below the reach of plants and 
through surface evaporation is the problem. 

I’his condition of the soil can only be obtained by suitable 
and thorough cultivation together with the application of al)undant 
supplies of organic matter, and is maintained by timely after- 
tillage operations and the application of irrigation water by such 
methods as will have the least possible tendency to destroy the 
(mndition of the soils described above. 

The actual method of achieving this desirable result has been 
the subject of, considerable experiment at Manjri and Poona 
College stetions. 

It is plain that it is easier to protect as far as possible the area 
from becoming injured through standing water than to restore ita 
physical condition, or in other words we should aim at wetting the 
Ipast possible amount of the soil surface. This means that wide 
strips of soil on which water has not been impounded should 
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alternate with the narrowest possible furrows which receive water 
and a high degree of tilth be maifitained on the dry surface jsoil which 
would act as a mulch to prevent evaporation. The granulated 
soil below this mulch having a highly developed capacity for 
capillary movement will sjieedily draw the moisture from the wet 
furrows. 

The plant roots should develop in this sub-surface layer of 
capillary-fed soil below the dry mulcu. 

A certain amount of time is required for water to spread by 
capillary movement from the furrow throughout the stri])s, which 
may be called growth strips of the field and water sliould be kept 
in the furrows sutticicntly long to enable it to thoroughly permeate 
the growth strip. The time for tliis process will vary according to 
the nature of the soil and the width of the strij). "I’he water in 
the furrow may be maintained hir the necessary length of time 
by two ways. First l)y imj)ounding a large furrow full. This 
necessitates level furrows and is accompanied with considerable 
loss by downward percolation if the soil is at all pervious; more¬ 
over it wets a wider strip than necessajy, tlius j)roducing the inju¬ 
rious action of stagnant water over tlie pait wetted, which must be 
overcome by later o])erati(rns, else there will l»e a loss in the total 
production of the field as well as a loss of water. 'I'he other methoti 
which seems to me to be the only rational system for irrigation 
practical in this part of India is to allow a very small stream to 
trickle down each furrow. 

Experiments have been made at Manjri Avith the rates of 
current required to wet a five feet growth strip, and it has been 
found tliat a rate of one hundred feet per thirty or forty minutes 
when the land does not slope over one in(?h in three hundred feet 
gives the best results. The rate at which the wj>,ter should be 
allowed to move down the furrow depends upon the following 
conditions:— 

1. The capillarity of the soil which depends upon the natural 

texture, its composition and the state of granulation 
brought about by the tillage and manure. 

2. The width of the growth strip. 
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3. The length between cross distributing furrows. 

4. Tlie slope of ihe furrow. 

f). The depth of soil which is in a condif ion to hold capillary 
water and wlii(di Ihe jdant roots caJi reach. 

(i. The aiiKnml of water that is necessary to keep the grow¬ 
ing strip in the o])tiinuni nioisture content (wafsa). 

The width wluch should be assigned to the growing zone depends 
upon the conditio?is named above in one, five and six. 

Having determined the rate at wliich the water shoidd flow 
either by actual ex)H‘riment or ex])erience, it is maintained by regu¬ 
lating the size of Ihe stream with the head available. 

P\)r regulation I have found tile dams for each furrow to be 
the simph'st and cheajx'st. These can be made with different 
sizes of openings and the stream can be varied by slo}»ing the dams, 
thus increasing the head at their discharge. Work is going on to 
determine th<' rate of flow for different ty]»es of soil and crops. 

'I’he lowin’ ten fei't will usually get sufficient water if theHioles 
in the tiles are plugged with mud when the water reaches within 
ten feet of the (md. in order that the work may be completed as 
expeditiously as by the bed system a largo number of furrows 
must be receiving water at the same time. 

1 feel that if this system of watering could be generally intro¬ 
duced the water duty of our canals and wells could be increased 
to an almost incredible extent and waterlogging or salt land trouble 
become uidviiown. |J. B. K.n'ioht in the P(H)hu Agric. College 
Magazine, A'ol. XJ, Ko. 4.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


We deeply regret to record the death of Mr. F. M. Howlett, 
B.A., F.E.8., Imperial Pathological Entomologist, which sad 
event took place at Mussoorie in the morning of Friday, the 
20th August, 1920, after a serious operation. We offer our 
heartfelt condolences to his mother in her bereavement. 


The Hon’ble Kao Bahadur B. Narasimheswara Sarma Garu 
has been appointed an Ordinary Member of the Council of the 
Governor-General of India, in charge of the Department of Revenue 
and Agriculture. 

)ic 

« * 

Mr. J. Hullah, I.O.S., is confirmed in the appointment of 
Secretary to the Government of India, Department of Revenue 
and Agriculture, with effect from the 27tli June, 1920. 

* 

* * 

Mr. S. Milligan, M.A., B.Sc., Director of Agriculture, Bengal, 
has been appointed Agricultural Adviser to the Government of 
India, and Director, Agricultural Research Institute, Pusa, with 
effect from the 18th June, 1920. 

♦ 

i|! I|( 

The names of the following officers have been added to those 
brought to the notice of the Secretary of State for War for valuable 
services rendered in India in connection with the war 

Colonel G. H. Evans, C.LE., C.B.E., A.D.C., Indian Army 
(Superintendent, Civil Veterinary Department, Burma)* 
- ( 678 ) 
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Lieutenant (Temporary Major) K. Hewlett, O.B.E., 
Indian Defence Force, Veterinary Corps (Principal, 

Bombay Veterinary College). 

♦ 

* * 

We congratulate Dr. C. A. Barber, C.I.E., late Sugarcane 
Expert to the Government of Madras, on his appointment by the 
Board of Agricultural Studies, Cambridge University, as a Lecturer 
in 1’ropical Agriculture for a period of five years. 

4c 9|C 

Dr. E. J. Butler., M.B., F.L.S.. Imperial Mycologist and Joint 
Director of the ^Agricultural Research Institute, Pusa, has been 
granted privilege leave for two months, with effect from the 22nd 
July, 1920. 

* 

♦ ♦ 

Mr. G. S. Henderson, N.D.A., N.D.D., Imperial Agriculturist, 
is appointed to officiate as Joint Director (»f the Agricultural Research 
Institute, Pusa, vice Dr, E. J, Butler on leave, 

4e 4^ 

Mr. W, McRae, M.A., B.Sc., F.L.S., Government Mycologist, 
Madras, has been appointed to officiate as Imperial Mycologist, 

Pusa, vice Dr. E. J. Butler on leave. 

* 

)|c 4: 

Mr, G. Evans, C.I.E., M.A., Deputy Director of Agriculture, 
Central Provinces, whose services have been placed at the disposal 
of the Government of Bengal, has been appointed Director of 

Agriculture, Bengal, vice Ml*. S. Milligan. 

* 

l|c * 

Dr. R. V. Norris, Government Agricultural Chemist, Madras, 
has been appointed to act as Principal, Agricultural College, Coim¬ 
batore, during the absence of Mr. W. McRae on other duty 

* 

* * 

Mr. G. R. Hilson, B.Sc., Deputy Director of Agriculture, 
II and TH Circles, Madras, has been appointed Government 
Economic Botanist, Madras, for work on cotton, with head- 
' quarters at Coimbatore, with effect from the date of his ireturn 
fixim leave. 
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Mr. F. Ware, M.TJ.0.V.S., Superintendent, Civil Veterinary 
Department, Madras, lias lieen ffranted eomhined leave for eight 
months. 

* 

* * 

Mr. S. Sfndararaman, M.A., lias been appointed to act as 
Government Mycologist, Madras, rice .Mr. W. McRae on otlier 
duty. 

* 

* ♦ 

Mr. E. Ballard, B.A., F. K.S., (lovernment Kntomologist. 
Madras, has l)oen granted jirivilege h'avt' for one month. Mr. T. V. 
Bamakrishna Ayyar, B.A., F.E.S., F.Z.S.. oilieiating. 

* 

* * 

Mr. F. T. T. Xewland, . (Jovernment .Vgricidtural I'higineer, 
Matlras, has Iteen granted jnivilege leave for two months, 
Mr. V. Bangachar Avargal officiating. 

* 

The IIox'itLK Mr. H. M. Leake, M.A.. F.L.S.. Oflieiating 
Director of Agriculture. Cnited I’lovincc's. has been eonlirmed in 
that appointment with efTect from the 2(ith May, 1!)2(). 

♦ 

* ♦ 

Mr. G. (Larke. F.I.C.. OfTg. Principal, Agricultural College. 
Cawnpore. has lieen confirmed in that appointment. 

* 

* * 

Mr. W. Youngman, B.Sc., Offg. Fconomic. Botanist to Govern¬ 
ment, United Provinces, has been confirmed in that appointment. 

* 

* * 

Babu Bam Prasad, Assistant to the Economic Botanist, has 
been appointed to officiate as Assistant Economic Botanist to 
Government, United Provinces. 

Major E. W. Oliver, M.B.C.V.8., F.Z.8., Superintendent, 
Civil Veterinary Department, United Provinces, has been granted 
combined leave for seven months and seven days. 
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Captain S. (J. M. Hickey, M.R.CIV.S., Second Superintendent, 
Civil Veterinary ])epartnient, United Provinces, will hold charge 
of Major Oliver’s office, in addition to his own duties, during the 
latter officer’s absence. 

* 

Hi * 

Mu, I). Milnk, B.Sc., Kcononiic Botanist to (Jovernment, 
Punjab, lias been granted combined leave for eight months. Lala 
Jai C'liund, .M.Sc.. officiates. 

* 

* * 

Mi:. T. a. Mh.lkr Brownlie. C.E.. M.I.W.K., M.1..M., I.C.E., 
.Agricultural Kngineer. J’unjab, has lieen granted combined leave 
for eight months. .Mr. P. .Mact'ormack. retired Executive Engi¬ 
neer, P. W. 1).. officiate. 

!l! 

* :(! 

Mr. .F. J. W.vhtii, .M.Sc.. .Agricultural Chemist, Burma, took 
over chaigc of the duties of Deputy Director of .Agriculture, Southern 
Circle, Burma, in addition to Jiis own duties, on the 11th June, 1920. 

* 

* ^ 

'I'liE Secretary of State for India has granted to Mr. T. Rennie, 
M.B.C.A'.S.. Second Siijauintendent, Civil A'eteriiiaryDepartment, 
Burma, an e.xtension of furlough for 15 days. 

* 

* * 

On return from the combined leave granted to him, Mr. J. H. 
Ritchie, M.A., Deputy Director of Agriculture, is posted to the 
Northern Circle, Central Provinces. 

* 

♦ ♦ 

Mr. C. P. Maya Das, M.A., B.Sc., Officiating Deputy Director 
of Agriculture, Western Circle, ( V.ntral Provinces, is granted com¬ 
bined leave for three month.s. 

* 

* ♦ 

Rai Sahir Bh.ma'alal Dube, Officiating Deputy Director of 
Agriculture, Northern Circle, Central Provinces, has been posted 
to the Western Circle, vice Mr. Maya Das on leave. 
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Me. S. T. D. Wallace, B.So., Assistant Director of Agriculture, 
Nagpur, has been appointed to officiate as Principal, Agricultural 
College, Nagpur, vice Mr. Nand Kishore reverted as Extra Assistant 
Director of Agriculture, Jubbulpore. 





The Cultivation of Ragi in Mysore.—By Leslie C. Coleman, M.A., 
Pli.D. [Departmeut of Agriculture, Mysore State, Bulletin 
No. 11. Pp. 07-|-20 plates-|-l map.] 

Tuls bulletin recoids the results of a very complete series of 
experiments conducted by the Mysore State Department of Agri¬ 
culture with a view to the ultimate improvement of the ragi crop 
{Elemim coracana). This millet covers over one-third of the total 
cultivated area of the State and is said to be the staple food of four- 
fifths of its people. The crop is grown chiefly on the laterite soils of 
the State, wliich, as a rule, are poor in the more important 
plant food constituents. These soils in addition possess a low water¬ 
holding capacity and dry out rapidly. It, therefore, follows that in 
addition to varietal tests, experiments with manures and tillage are 
of first-rate importance. 

From a perusal of the bulletin it will be seen that considerable 
success has been obtained along these three main lines of investiga¬ 
tion. For instance, one of the selected strains, Hebbal 22, possessing 
drought-resistant qualities and freedom from ‘ shedding ’ gives 
a superior yield of grain and straw estimated at over 7 per cent, 
above the best purified local variety. It is considered that it will 
not prove a difficult matter to extend the area under this variety 
to 50,000 acres, representing a money outturn of Rs. 25 laklis per 
annum, within the next 5 years. Manurial experiments have demon¬ 
strated the great value of leguminous green manures, and it is esti¬ 
mated that the value of a suitable green manure is equivalent to the 
application of from 6 to 10 cartloads of cattle manure. In the teste, 
_ ■ ( 683 ) 
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cowpeas and sanu-hemp have proved the most suitable green manure 
plants, and, lus the cost of sowing and plougliing in green manure 
does not exceed Rs, 5 per acre, these results may be considered of 
first-rate economic imy)ortance to raqi cultivation in the Mysore 
State. 

Good results have also been obtained l)y earlier and better 
cultivation wliich enables the soil to absorb early rains and which 
increases its moisture ea])acity. Illustrations are given of tlui 
most suitable cultivation impleuKuits including barshare plough, 
which, on account of its easy adjustment to wear, has ])roved the 
most satisfactory type. 'Phe disc hari'ow has proved useful for 
preliminary cultivation in cases where theie is insufiici(‘nt moisture 
for the ])lough. It is stated that after sc'veral runs with this imple¬ 
ment it is ])ossiblc t(» juoduce sullicient mulch in eveti the hardest 
soils to save the moisture from the lirst show<'rs which is too often 
lost in hard baked land. The cost of tlie ijuplement. however, is 
rather a serious factor against its general introduction. 

The last chaptei' of tht' book is devoted to diseases and pests of 
mgi and in the appendix a great deal of useful information regarding 
the crop is given. 

Dr. Coleman and his stall are to be congratulated on the 
thorough manner in which the improvement of this important crop 
has been studied and the large measure of success which has at tended 
their efforts.— [Editor.] 

* 

* * 

Ammonification of Manure in Soil. By J. W. Bright and H. J. Conn. 

[New York Agr. Expt. Sta. Technical Bulletin No. 67, April, 1919.] 

This bulletin is divided into two parts. 

Part 1 by J. W. Bright deals with tJie soil organisms wliich 
take part in the ammonification of manure, d’he author finds 
that non-spore-formers like Ps. flmrcscens and Ps. caiidatus are the 
most important ammonificrs of manure in the soil, while spore- 
formers like B. cerem do not take part in the process. The author’s 
results are based chiefly on the evidelice furnished by platings before 
. and after addition of organic manure. The statement that there 
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is Jio evidence that Ji. mms takes part in this process has to be 
accepted, Jiowever, with caution, ])ftcaiise t]ie autiior has already 
shown tliat al(li()iij.di col()ni(‘.s of B. cf'reiis do not develop in the 
])resence oi Bs. Jhiorpsceiift. still B. ocrcn.^ is a vigonnis annnonitier 
converting large amounts of organic nitrogen into ammonia acting 
hy itself when inoculated in soil which has heen steriliml after 
addition of organic manure. 

Besides, although huge mmihei' ol luni-spore-formers like B. 
Jliioyr.scPHs have heen ohser\ed to he acfi\e after addition of organic 
manures, their true function may not he amnionification. hut pro- 
hahly tlie d(‘stnu ticai ol carhohydrate material and the production 
of ('0^ as indicated hy ,•< cht.a* similarity of curves for hacterial 
)mndiersand f'Ojn many other cases. 

In the .sec(.nd part, w liicli is hy il. ,J. ('(Uin, we find a detailed 
tlescrij)tioii of the two organisms/tv. /h/u/'c,s-a'a,s‘ and /ty. aiitihittis as 
an aid to their i(h‘ntification hy others. ,V luhliograpiiy is 
ap})ended.- |.\. ,).| 



NEW BOOKS 

ON AGRICULTURE AND ALLIED SUBJECTS 


1. The House-fly: Its Life-History and I’ractical Measures for 

its (Suppression, by Major E. J']. Austen. I’p, 52. [London : 
British Museum (Natural History).] Brice, l.s. tk/. net. 

2. The Mason-Wasps, by J. Henri Fal)re. Tran.slaled by Alexan¬ 

der Teixeira de Mat tos. I’p. vi ; JtlH. (London: llod<ler 
and Stoughton, n.d.) Price, Is. (id. net. 

3. General Science: First Course, I)y L. EliiufT. Pp. vii [-■135. 

(London: G. G. Harraj) and Co.. Ltd.) Price, os. net. 

4. The Soil: An Introduction to the (Scientific (Study of the 

Growth of Crops, by Sir A. D. Hall. Third Edition, revised 
and enlarged. Pp. xv-[ 352. (Loudon: John Murray.) 
Price, Is. Qd. net. 

5. The Geography of Plants, by Dr. M. E. Hardy. Pp. xii-f-327. 

(Oxford: At the Clarendon Press.) Price, 7s. (id. net. 

6. The Small Farm and its Management, by Prof. J. Long. 

(Second Edition. Pp. 328. (London: J. Murray.) Price, 
7s. Qd. net. 

7. Imperial Institute: Indian Trade Inquliy; Reports on Oil 

Seeds. Pp. ix-f 144. (London: J. Murray.) Price, 8s. 
net. 

8. Practical Hardy Fruit Culture, by Richard Staward. Pp. 216. 

(London: The Swarthmore Press, Ltd.) Price, 6s. net. 

9. A Text-book of Organic CTiemistry, by E. de B. Barnett. Pp. 

xii-1-380. (London: J. and A. Churchill.) Price, 15s. net. 

10. Anima l Food Stuffe: Their Production and Consumption, with 
Special Reference to the British Empire. A Study in 
Economic Geography and Agricultural Economics, by 
. ( 586' ) 
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Dr. E. W. Shanahan. Pp. viii+331. (Lonaon: George 
KoutIcfJge & Sons. Ltd.; New York: E. P. Dutton & Co.) 
Price, 10s. Qd. net. 

11. Flax Culture and Preparation, by Fred. Bradbury. Pp. xii-r 
154, (London: Sir Isaac Pitman & Sons, Ltd.) Price, 
Qs. net. 

The following p blii ations have lajen issued by the Imperial 
Department of Agriculture in India since our last issue 

Memoirs. 

1. The Itice Leaf-hoppers (Nephotettix hipumiutHs, Fabr. and 

Nephotettij apical is, llotscli.), by C. 8. Misra, B.A. (Ento¬ 
mological Series, Vol. V, No. 5.) Price, Jb 1-8 or 3s. 

2. iMHlami Insects in India. Being the Deport of an Inquiry 

into the Efficiency of Indigenous In.seet Pests as a Check on 
the Spread of Lantana in India, by Kao Sahib Y. Rama- 
chandra Rao, M.A., F.E.S. (Flntoniological Series, Vol. V, 
No. (5.) Price, Rs. 2-4-0 or 4s. Od. 

3. Studies on the Root Nodule Organism of the Leguminous 

Plants, by N. V. Joshi, M.Sc., B.A., L.Ag. (Bacteriological 
Series, Vol. I, No. 9.) Price, R. 1-4 or 2s. Gd. 

Bulletin, 

1. The Orange: A Trial of Stpeks at Peshawar, by W. Robertson 
Brown. (Bulletin No. 93.) Price, As. 6. 




PUBLICATIONS OF THE IMPERIAL DEPARTMENT OF 
AGRICULTURE OF INDIA 


TO UR HAD FROM 

THEOrricK OK thk Aoriohi.tukai- Akviskkto tuk. CJovKRtfMKNT ok Iniiia, I’l'BA, Bihar. 

amt from the following Agentt 


(1) THACKEU, SPINK. A CO., Calcutta. 

(2) W. NEWMAN A (^O., Calcutta. 

(3) llAi M. C. SAUK AH liAHADUU A 

SONS, Caluuita. 

(4) HKUilNBOTHAMS. LTD., Maduar. 

(5) THOMPSON A CO., Makkar 

(6) D. B TAUAPOHKVALA, SONS A 

CO., Bomuaa. 


(7) THACKER A CO , LTD.. Bombav. 

(S) .SUNDER PANDUKANO, Bombay. 

(9) Rai Sahib M. (JULAB SINOH k 
SONS, Lahore. 

(10! MANACKR, EDUCATIONAL BOOK 
DEPiIt, Naopuk. 


A complete list of the publicattoas of the Imperial Department of 
Agriculture in India can be obtained on application from the 
Agricultural Adviser to the Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 

These publications are 

1. The Agrinillnral Journal of Imiia. A Journal dealiuK with subjecte connorted with 
aericiiltiiral ecnnoinics. held and garden crops, economic plants and fruits, soils, manures, 
nierbods of cultivation, irrigation, climatic conditinns, insect pests, fungus diseases, 
co-operative credit, ngriculturul cattle, farm implements, and other agricultural matteis 
in India. IlliiHtratiuns, including coloured plates, form a prominent feature of the Journal 
It IS eilited by the Agricultural Advisor to the Government of India, and is issued once 
every two months or six times a year. Annual Siihtcri/ifion, Rs 6 or 9». M., including 
iinstage. Single copv. R. 1-S or 2*. 

2, Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of 
the Imperial Cotton Specialist). 

3, Annual Report on the Progress of Agriculture in India. 

4. Pioceodiiigs of the Board of Agriculture in India. 

,1. Proceedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Depanmeut of Agriculture in India ; 

fa) Botanical Series. 

(b) Chemical Series. 

(c) Entomological Series. 

(d) Baqleriological Series. 

(e) Veterinary Serie.s. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. Books. 

Tho following aru the publications of the last two years: — 

Solentiflc Reports of the Agricultural Research Institute and College, Pusa (including the 
Report of the Imperial Cotton Specialist), for the year 1917-18. Price, R. 1-4 or 2s. 

SoientiilO Reports of the Agricnitiiral Research Institute, Pusa (including the Report of the 
Imperial Cotton Specialist), for the year 1918-19. Price, R. 1-4 or 2*. 

Repbrt on the Progress of Agriculture in India for the year 1917-18. Price, R. 1-8 or 2*. JW. 

Report on the Progress of Agriculture in India for the year 1918-19. Pi ioe, R. 1-8 or 2s. Hd. 

Proceedings of the Board of Agriculture in India, held at Pusa on the 1st December, 1919, and 
following days (with Appeudioos), Price, As. 12 or Is. 3d. 

Proceedings of the Second Meeting of Mycologicai Workers in India, held at Pusa on the 
20th February, 1919, and following days. Price, As* 11 or Is. 

Proceedings of the First Meeting of Agricultural Chemists and Bacteriologists, held at Pusa 
on Sflth February, 1919, and the following days. Price, R. 1 or Is, 6d. 
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Preoeadinttt «f th« Firat Mseting: of Fetorinary OIBoera in Indio, boid nt Lnhom on the 
24th Horoh, 1919, and following dayi (with Appendiow). Prioo, As. 8 or Ad. 

Prooeedings of tha Third Botamotogioal Meeting, held at Poaa in February 1919. (Inthi 
prm,} 


MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA 


BOTANICAL SERIES 

Vol. IX, No. IV. Stiidiea in Indian Sugarcanea, No. 3. Tha Clamidcation of Indian Oanea 
with apecial reference to the Saretha and Sunnabila Oroiipa by C A 
Barbrr, ee.D. Price, R. 2 4 or .3». 

Vol. IX, No. V. PhytopMhora Mtadii n. sp. on Bfvta br<uUim$i$, by W. McRar. ma 
B.Rc., P.T..8. Price, R. M or 2». ' '' 

Vol. X, No. I. The Rice Worm (7p/«ncAtM anguitui) and it« Control, by E, J, BtrrLitR 
M.B., F.L.8. Price, R. 1-4 or 2 ji. 

Vol. X. No. II. Stndiea in Indian Sugarcanea, No. 4. Tillering or Underground Branch¬ 
ing, by O- A. Bakrrk, C.t.K., 8o.i>., r.L.8. Price. It. 4-4 or 7*. 

Vol. X, No. III. Studies in Indian Stigarcanes. No. 5. On testing the aiiitabiiity of sugar¬ 
cane varieties for different localities, by a system of measurements. 
Periodicity in the growth of the sugarcane, by 0. A. Barbrk. c.I.b., 
sc D., r.L.8. Price, H. 1-12 or S». 

Vol. X, No. IV. A Pythium Disease of Ginger, Tobacco and Papaya, by L. S. Subkama- 
NIAM. Price, R. 1-8 or 2*. (VI. 

Vol. X, No. V. Studies in the Pollination of Indian Crops, 1, by A. HoWABn, GARRTKl.t.R 
L. 0. HowabT). and Ardcr Rah.MAN Kuan. Price. U. 1-4 or 2*. 8(/. 

Vol. X. No. VI. “Kiimpta” Cotton and its Improvement, by G. L Kottur, B. Ag. 
{In the preti.) 

Vol. XI, No. I. Seme Aspects of the Indigo Industry in Bihar. Part I. The Wilt 
Disease of Indigo. Part II The factors underlying the seed prodiic- 
tion and growth of Java Indigo, by Alrbht Howark, (; i.k., m.a.. and 
Gabrirllb L. C. Howard, m.a., with the assistance of Chowduury 
Bamdhan Singh and Maulvi Abdch Kahman Khan. {In iheprete.) 

Vol. XI, No. II. Studies in Diseases of the .lute Plant. (I) Diplodia Corehori, Syd., by 
F. J. F. Shaw, d.sc., a.r.c.s., p.L.b. {In the press.) 


CHEMICAL SERIES 


Vol. V. No. II. 


Vol. V, No. HI. 


Vol. V, No, IV. 
Vol. V. Ho. V. 


Vol. V, No. VI. 


Vol. V, Nos. VII 


Vol. V. No. IX. 


“ Heart Damage ” in Baled Jute, by R. 8. Finlow, B.ac., F.i.c., f.c.b. Price 
R. 1 or Is. 6d. ' 

Experiments on the Improvement of the Date Palm Sugar Industry in 
Bengal, by Harold B. Annjktt, b.bc., f.i.c. ; Gobta Behari Pal, m.bc.- 
and INDD Bhdbhan Chatterjee, L.Ag. Price. U. 1 or Is. 6rf. 

Cholam (A. Sorghum) as a Substitute for Barley in Malting Operations by 
B. ViSWANATH. T. LAKBFtMANA ROW, B.A.. And P. A. RaGHDNATHA 
BWAMI Ayyanoar. Dip. Ag. Price, As. 12 or Is. 

The PboM)bate Requirements of some Lower Burma Paddy Soils, by 
F. J. Warth. m.bc., B.8C., and Madng Po Shin. Price, U. 1-12 or 3s. Sd 
Absorption of Limjs by Soils, by F. J. Wabth, m.bc., b.Bo., and Madno 
Po Saw. Price, R. 1-2 or 2s. 

4 VIII. The Gases of Swamp Rice Soils, V-A Methane oxidixing 
Bacterium from Rice Soils, by P. A. Subkahmanva Ayyar b.a. ; and 
The Oases of Swamp Rice Soils, VI—Carbon Dioxide MM Hydrogen in 
relation to Rice Soils, by W. H. Hakribon, d.0c. {In thepreee.) 

The Retention of Soluble Phosphates in Calcareous and Non-ealoareoui 
Soils, by W. H. Habbuson, d.sc. and Sobkndba Lal Dab. m.bc. 
(In the press.) 


ENTOMOLOGICAL SERIES 

Vol. V. No. V, The Rice Leaf-hoppers {BephotetUa bipunelalus, Fabr. and Ifephotettix 
apiealie, Motsch.), by C. 8. Mibba, b.a. Price, R. 1-7 or 3s 

Vol. V No> VI. Lantana Insects in India. Being the Report of an Inquiry into the Effi¬ 
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Jrtickjsi 


THE LATE FRANCIS MILBURN 
HOVVLETT, B.A., F.B.S. 

Tjik death of Francis Milbum Hewlett at Mussoorie on August 
2Uth was felt as a keen personal loss by those who knew him best, 
and leaves a gap in the ranks of scientific workers in India that can 
hardly be filled. 

He was born at Wyniondham in Norfolk in January 1877, and 
graduated with Honours from Christ’s College, Cambridge, in 1899, 
and was thus 30 years of age in 1907 when he joined the Indian 
Agricultural Depajtraent, after working for some time as Professor 
of Biology at the Muir Central College, Allahabad. 

His appointment Jis Second Imperial Entomologist at Pusa 
brought him into contact with H. Maxwell-Lefroy to whom he 
always evinced a characteristic loyalty. At Pusa he specialized on 
“ flies,” and prepared the sections on Mallophaga, Biptera, Cimicidse 
and Anoplura for Lefroy’s book “ Indian Insect Life.” He was also 
no mean artist, and the high standard of illustrations attained in its 
earlier days by the “ Agricultural Journal of India ” was due largely 
to his oft-sought advice, and criticism, while his humorous sketches 
will long be remembered by his contemporaries at Pusa. 

Besides contributions to departmental publications, he published 
a number of papers in scientific journals the subjects of which will 
give some idea of the special trend of his entomological work. 
They include 

The Influence of Temperature upon the biting of Mosquitoes. 

{Parasitology, December 1910.) 

{ 689 ) I 
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The Effect of Oil of Citronella on two species of Dacus. 

{Tram. Eni. Soc., October 1912.) 

The Natural Host of Phlehotomus 'mimttus, and 
Insect Life-Histories and Parasitism. (Both in the Irtdifin 
Journal of Medical Research, Vol. I, No. 1, July 1913.) 
A Trap for Thrips. {Jour. Econ. Biol., London, March 1914.) 
Chemical Reactions of Fruit Flies. {Bull. Ento. Research, 
London, December 1915.) 

He was elected Pi-esideiit of the Zoological Section of the Sixth 
Indian Science Congress held in Bombay in January 1919, and gave 
an address on “ Tactics againt Insects.” 

At the time of his death he had completed the manuscript of a 
book on “ The Control of Harmful Insects ” which he intended to 
publish shortly. 

His services were utilized by the Military Department in India 
in connection with the control of mosquitoes and of the flies which 
convey Surra in camels, and at Home in dealing with the disease- 
carrying insects that added to the danger of the war zones, including 
lice and sandflies. 

Of his work in the special line that he had selected. Dr. Tragardh 
wrote in the “ Bulletin of Entomological Research” : “ In my opinion, 
the investigations of Verschaffelt, Dewitz, and Howlett, if regarded 
in the light of the researches of physiologists into chemotro])ism, are 
of an importance which cannot be overestimated, and will guide 
practical entomologv'into new lines. Intimate co-operation between 
vegetable chemistry and entotuolog}’’ in the question will surely 
provide us with good weapons in our fight with many insects against 
which we are at present absolutely helpless.” 

It is worth mentioning here two very interesting discoveries 
which he made. 

One was with regard to fleas. In a course of experiments he 
discovered that fleas have an extreme dislike for wet grass, and that 
when forced to choose between sitting on wet gra.ss, and on grass 
which has been sprinkled with kcrosine oil, all the fleas would leave 
the wet grass, and crowd on to the grass covered with kerosine oil. 
“niis eaqjeriment has an obvious bearing on questions concerning the 
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IjATE FRAKClS tmMVKS HOWLETl Ml 

diffusion of plague, and helps to explain why plague ceases every 
year at the beginning of the rains, and does not start again until 
after the rains, either in the cold or hot weather, and also helps to 
explain why plague has never got a foothold in Bengal and other 
water-logged areas. 

Another discovery was that certain kinds of mosquito larvte 
could live for comparatively long periods in quite dry earth. 
Hewlett’s method of announcing his discovery to the scientific 
world was characteristic of the man. All he did was to send a tube 
containing some dust to a scientific exhibition, with a short note 
requesting that on arrival some water might be poured into the tube, 
which should then be covered with gauze. In due course mosquitoes 
emerged, and the s\iccess of the experiment acknowledged. 
Both experiments require and deserve verification and further 
investigation. 

Hewlett was a man of almost childlike simplicity and originality 
of outlook, and witfi many interests. He was the most delightful of 
companions and tiie truest of friends. He had the faults as well as 
the merits of the artistic temirerament. Keenly alive to the possi¬ 
bilities of a new idea, old and half worked out schemes were apt to be 
jostled aside and displaced in the ardour of some new investigation. 
He was a bom schoolmaster, delighted in teaching, and could make 
all subjects interesting, and had the gift of implanting in his disciples 
some of his own enthusiasm. 

He was a combative apostle of Pure Research, and his disappear¬ 
ance from the ranks of scientists of this order will be a serious 
blow to the cause. 



SOME COMMON INDIAN BIRDS. 


No. 6. THE WHITE WAGTAIL {MOTACILLA ALIU). 

nv 

T. BAIXBRIGGE FLETCHER, R.N., F.L.S., F.E.S., F.Z.S., 

Imperial EiHnmolotiiM; 

AN1> 

C. M. TNGLIS, .M.B.O.ir., F.Z..S. 

India luis luany Ijinl.s wliicli visit 111** jdaiiis as winter tourists 
only, passing the .suninier months either in the Iiills or in “the 
back of beyond ” far to the north of the mighty Himalayas. Every¬ 
one is familiar with tlie. fact that dinks, for e.xample, migrate in 
this way but if may lie news to some of our readers that most of our 
common Wagtails also act in this manner, visiting India only in the 
cold weather and ])assing the summer in Northern Asia. .About a 
dozen different .species are found in India but only one {Molmnlla 
nKtderuspatensis), a black species with a conspicuous white eyebrow, 
looking not unlike a magpie-robin but never carrying the tail 
erected, is a permanent resident. All are very similar in general 
build, being slenderly built, dainty-looking birds, mo,stly coloured 
in mixtures of black, white and grey, occa.sionally yellowish br 
greenish, their delicate slimness harmonizing well with their lightness 
of gait as they run with great, speed after t heir cpiurry, never hopping, 
but sometimes making little sallies into the air, and constantly 
wagging their tails whose outer feathers are. always white and con¬ 
spicuous during flight; whence their popular name. Then, as 
Cunningham has well remarked, they are so alluringly tame, merely 
running on in front of one and expostulating at being disturbed; 
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aiid,^if persistently followed along a narrow path, making off on a 
brief, undulating flight to pihdi anew a little way ahead in a way 
that gives one the fullest opportiuiity of becoming familiar with 
them. They are so tame that they often come into verandahs of 
bungalows and pick up insects off the floor. The migrant species 
usually arrive in India during Septemlcer and remain with us until 
the end of llte cold weather, the White A\agtail leaving Bihar 
before the end of .\{)ril. 

Wagtails feed mostly on small insects, chiefly flies, small 
beetles, ants and caterpillars, but occasionally pic/k up seeds also. 
The insec ts c'aten are not of any bencticial kinds and in many cases 
are injurious to c-rops, and therefore tlic'sc' birds as a whole must be 
reckonc'd amongst the fanner’s friends. It is a ])ity that most of 
them are alcsent from India, during the* llains, when insect life 
is so alninclant. The particular spec ies whieh we leave selec-ted as a 
re])resentativc' of this grou|i is the White \\agtail {Mofoolla allxi), 
whied) Dewar briefly dc'scrilces as, gcmeral cmlour ol ]jluniage grey ; 
face, cdiin, and throat white. i)ac-k of head and nape black : a black 
patch cm the ineast, the rennainder of lowc'r plumage white; the 
wings white with much black on them ; the middle' tail-f(»athers 
blac'k. the outer ones white. Our plate (Frontispic'ce) gives a good 
general ich\i of its appc'arance. It. has a very jdeasant note. It 
is found throughout most ]>arts of India during the winter 
months but does not occur in South.ern India nor South of 
Moulmein in Burma. 'Phc' Maskc'd Wagtail {M. persomitu) is by* 
senne authois regarded as a distinct species, but by others as 
a form of M. alha, from which it differs by the ear-coverts 
and sides of nec-k being always black, whereas in M. alha these 
parts are always whitewashed. The distribution of M. personata 
much resembles that of M. alba, but it does not occur east of 
Calcutta and is a constant resident, and breeds, in North-West 
India. 

The Wliite Wagtail is a regidar visitor to England during its 
time of migration from the (k)ntinent of Europe and breeds in 
England at times and has been known to pair there with the Pied 
Wagtail {M. lugubris), a species which does not occur in India. 
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Its nest has been found there in such odd places as in a Sand Martifi’s 
burrow, in the middle of a strawberry bed, and amongst a Virginian 
creeper growing over trellis-work. The eggs are bluish-white, 
speckled with black. So far as we know, it never breeds in India, 
and Hume in his Nests and Eggs of Indian Birds omits the White 
Wagtail altogether but mentions the Masked M'agtail, M. fersonata, 
which is perhaps a subspecies of the Wliite Wagtail, as breeding in 
Afghanistan in May and June, the nest being usually jJaced in 
holes, under large stones, in or near beds of rivers. 

The habits of the White Wagtail resemble those of the Pied. 
Dr. A. G. Butler gives some interesting notes on the latter species, 
in the course of which he says. '• their ])ower of turning in the air 
is astounding ; few insects, however ec<'entric their flight, can hope 
to escape them. If a Wagtail is on the ground and it sees an insect 
flying towards it, instead of starting madly forward to meet its 
prey, it excitedly watches all the insect’s movements and suddenly 
(when the latter is almost overhead) the agile bird rises with a 
rapid spiral movement, which looks abnost like a somersault, the 
snap of its mandibles is heard, and all is over. ’ lie also writes, 
“even when caught wild, most examples of J/otocJfu sooji become 
tame if kindly treated ; they are easy to feed, living for years upon 
crumbled household bread, yolk of egg and ants’ cocoons, moistened 
(either by the addition of a little water or mashed potato) and a 
few insects, their larva; or spiders from time to time.” 

As most species of Wagtails aie not permanent residents and 
do not breed in India, they have not received legislative protection 
in most Provinces, except in Bengal where they are protected 
throughout the year and in Burma where they are protected in 
reserved forests from being hunted, shot, snared or trapped for 
purposes of trade. 



THE EGYPTIAN COTTON PROBLExM. 


A 1{E1>0RT TO THE EOYPTIAN (iOVEKNMExNT. 


BY 

11. MARTIN LEAKE, M.A., F.L.S., 

Durdor <>J A'jriculliiie, United Proeiiuxs. 

(Coiitinu.'d from Vol. XV, l‘t. V, p. ool.) 

ITT. 

In llie above review I have tilleinpled to bring into prominence 
tJie .salient features of tlie Egyptian cotton problem. The .subject is 
a wide one and touches at many points on .several of the commonly 
accepted divi,sions of science. I may now attempt to collect these 
into some .systematic schenrc which will serve as a foundation on 
whi(di to build the organization which will be required to attack the 
problem succes,sfully and as an indication of the staff and equipment 
which will be required for this altack. It will, perhaps, be objected 
that no mention has been made of the commercial a.siject which 
is concerned with the tlispcxsal of the crop. While recognizing 
the importance of this aspect to the country generally, I do 
not hold that it falls within the sphere of a. Ministry of Agriculture 
as such. The primary work of that Ministry is completed when it 
has pointed the way to obtain the maximum yield of pure cottons, 
and it is only directly concerned with flie subsequent disposal of the 
produce in as far as it may be necessary to })ro< eel 1 he seed supply 
required for sowing and to ensure for this a condition of purity. 
This is, however, an important point—the end term of the series 
which commences with the single plant of the plant-breeder. Every 
link of the chain forming that series must be adequately guarded 
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and the last, no less than the first, will require consideration if the fiel<| 
of investigation is to be covered. 

We can recognize in the above review four p imary lines of 
investigation to which we apply the terms Economic, Botanical, 
Agricultural, and tbmmercial, and to these we may add certain 
collateral lines. These may, in like manner, be termed Entomological, 
Mycological. Biicteriological, and Physical. But let mo not be 
misunderstood in this matter ; the difl’erence between the primary 
and collateral lines, as here defijied, is not one of relative practical 
importance. 'J'he former are concerned directly with the jdant 
and its produce, the latter Avith the subsidiary conditions of growth 
which make cultivation an economic proposition. The two groups 
are truly complement ai y, for it is as useless to produce a jmtentially 
valuable jdant, if the conditions of growth do not permit it to 
develop its inherent tpialities, as it is to control those conditions 
in the ahsence of a {)lant capable of reaping the full benefit of 
that control. 

Primary ij.mks. 


/. Ecotumir. 

The e.ssential economic considerations liaA’C been seen t(j include 
diversity of classes acconijianied by uniformity within the class 
itself. That diversity is required to meet the m^eds of different 
sections of the trade ; the demand for any ])articular class is, thus, 
to .some extent, ndependeiit of the demand for other clas,se.s and the 
magnitude of the d(unand dejrends on the relative importance of the 
section mainly concerned in working up that class. A knowledge 
of the normal relative recjuiiement of the different classes and the 
normal lelative j)rice of these, under conditions when supply and 
demand about balance, is of primary importance. 

In view of the })robable early disapjiearanee of Egypt’s mono¬ 
polistic position with regaid to certain classes of cotton, accurate 
information is also required of the developments taking place in all 
countries likely to encroach on that monopoly. Especial care 
requires to be taken in the collection of statistical information on 
Both these heads. 
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11. Botanical. 

(1) Selection. Selection requires to be conducted on two 
independent lines and work along both of these should be conducted 
simultaneously. In the first place, and this forms the most important 
immediate need, selection should be directed to isolating, and 
maintaining the purity of racres yielding the standard classes of the 
present day. Such selection forms the basis of any scheme w'hich 
aims at eliminating ‘ degeneration ’ which, in its ultimate form, is 
interpreted as due to an iidierent plant cliaracter giving to the type 
a limited span of life. 

Secondly, it must be directed to the discovery and subsequent 
isolation of new, and hitherto \inrecognized, types, whether the 
novelty affects the quality of the cotton or the l»e.haviour of the 
plant in the fiehl. It will cover the searcli for siich plants as 
develop imju'oved lint, a higher ginning per(;ent., a vigor(»us habit, 
accompanied by high yield or an early maturation. 

{'2) The aim of such work is, xdtimately, 

identical with that of the latter form of selection. Here, however, 
the method-is directed. But more than this is involved. We are 
still ignorant of the fa<‘tors controlling many of even the more 
obvious plant charactx'is .ind there is much preliminary work to be 
done in this diri'ction. 

(3) Vhifsiohiiiii. Physiological iiivestigation will bear on the 
general problem at several ])oints. At each stage of its history 
the plant is in direct response to its environment and growth will be 
controlled by one or other of the factors composing that 
environment, in its broadest outline physiological investigation 
will be directed to determining the lijniting factors throughout. In 
the more particular asjxect it will be directed to determining the 
effect of root interferenv-e, the causes of bud and fruit shedding, and 
the effect, of such factors as water-supply on quality of lint. 

* 

111. Agricaltmal. 

In the direct sequence, which we have termed primary, 
agricultural investigation will carry on the tests of the pure races a, 
stage further and will require facilities for working up a seed supply 
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of such as successfully pass these tests. Such tests must incluisle 
not merely comparative trials in one area—for, as we have seen', not 
the least important aim will be the demarcation of type tracts—but 
in several areas. Trial grounds will thus be required in each 
well-defined tract. The working up of a seed supply, involving, 
as it does, a different set of conditions, and one which will 
effectively maintain purity, requires separate treatment. 

Secondly, provision must be made for subsidiary lines of 
agricultmal investigation, cultural and manurial experiments, 
and experiments on the water lequirenients of the field crop. 
Such investigations are linked, on the one hand, with the 
physiological work already referred to and, on the other, with the 
general agricultural problems of the country. 

1V. Commercial. 

1 apply this term in the strictl}’ limited sense defined above. 
The Agricultural Section can, at the most, produce what constitutes 
a mere fraction of the seed required for sowing, and purity will not 
be maintained without some organization to control the croj) and to 
prevent admixture followed by degeneration, after the seed jjasses 
beyond direct Ministerial control. 

Collateral lines.* 

F. Entomological. 

This section of the Ministry is the most highly organized of any 
at the present time. The subject, too, lies outside the scope 
of this Eeport. Ileference is made to this line of investigation here 
merely with the object of indicating that I have not overlooked the 


• A certain amount of criticit-m has been directid against the omission of any reference 
to chemistry in the list of subjects li<re (numerated. I think, Imwe ver, it will be clear that 
such omission implies no di.sparagement of the work of the chemist. It must be remembered 
that I am not concerned with the activities of the Ministry in their entirety but nlerely 
with those activities as they concern the cotton problem. The centre of gravity is, thus, 
shifted, and my enumeration extends beyond those subjects which directly bear on that 
problem only to a degree sufficient to indicate how my proposals dovetail into the general 
, organization. The subjects aro necessarily dealt with incompletely and in a somewhat 
difierent ordcu: from that in which th^ would occur were a review of the entire activities of 
the Ministry under consideration. 
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>eubject and that I recognize that any proposals that I am led to 
make would be of little advantage did they not fit into the scheme 
as a whole. 

VI. Mycological. 

From the a.spect of the cotton crop, pure and simple, there 
appears to be small field for mycological work though its imjmrtance 
may develop at aiiy moment. From tlic point of view of the general 
activities of llie Ministry as a whole there is, especially in relation 
to horticulture, considerable s(^ope for mycological investigation. 

VII. liacteriologicaL 

8uch investigation is concerned with agriculture generally, 
.and is conc('rne(l with the subject of cotton merely in as far as that 
forms one, although the most important, of the crops grown. Little 
work has l)e(m done on bacterial action in the soils of Fgy|)t. The 
field is large, important and ijractically unexplored ; there can be 
little doubt that such action is of considerable magjiitude and, if 
controlh'd, eapal)le of exerting considerable influence on crop 
developinent. On the one Inuid, the study connects up with purelv 
agricidtural investigation at such points as manuiial and cultural 
experiment and, on the other, with the-physical investigations on 
soil moisture, its movement and control. 

VIII. Physical. 

The most important line of physical investigation is, without 
doubt, that which concerns the relation between the level of the 
subsoil water (water table) and the rise of the Nile, whether that 
relation be direct or indirect through the canal system. As such, the 
subject is closely connected with the irrigation system. Considerable 
scope for investigation lies also in the dii-ecfion of determining 
the permeability of soils of different character and the rate 
of surface tension flow through these. I am tempted to thinlc that, 
by a control of such flow through cultural means, irrigation could 
be much reduced in tracts in which the presence of salts is not 
marked. This line of investigation is, thus, intimately connected 
with the purely agricultural cultural experiments. 
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IV. 

1 have briefly outlined eight lines of investigation using as 
a basis the commonly accepted divisions of science. These cover 
the field presented by the cotton problem of Egypt. It will be 
convenient if. before I ])roceed further and enquire in greater detail 
into the requirements both as regards equijunent and organization 
if these investigations are to be carried out in an efficient manner, 
1 outline the course that will be followed in the development of 
any particular race which it is desired to devt'lop through the 
experimental, to the practical, stage. Such develojjuient concerns 
those sections which T have denoted ])nmarv. The close interrelation 
that exists between these four sectiotis and the necessity for full 
continuity from one stage to the next, a continuity which 
organization must recognize and allow for, will thus liecome apparent. 

In its simplest terms, tlum. tlu' work of th(' Botanical Section 
will consist of the isolation by means of single plant cultures and 
for the pre.sent purpose, these cultures may arist* as ilirect .selections 
or as the result of hybridization <»f pure races of cotton. Of such 
races, in the earliest stage's, endy a small amount of si'e'el will 
be available. This \ve>rk is. furthei'. ce'ntralize'el ; iveluctieai in the 
number e»f rae-es has to be e'flee te'd anei suedi realiiction must be 
acce)mj)lishc:el bv trial uneler e-oiielitiems more* neairly appre)aching 
thp.se e)f the eadtivateus’ (ielels. In particular, tliexse* trials must 
be e-arried eiut with a view lee testing the* re*lative> suitability te) the* 
different envire»nme*tital e-onelitieens founel in the* e-eetton gre)wing 
tracts; in other weerds. trial requijes tee be* made with a view to 
bringing intet pre)mine*nce any ])artie'ular aelaptability of the race 
to the type trae*ts tee whie*h referemee lias bee*n maele. Such work 
mu.st, from its very nature. ]»' eleerntraliztMl. 

As the result e)f such eomparative trials under different 
environmental e*onditions the number e)f races which survive 
elimination will be ceunparafively small. Feir these, further trials 
on a field scale and an organization feu* multiplying up a seed 
supply under conditions which will ensure j)urity are required. The 
degree of supervision here required is siu'h that direct and complete 
control by the Ministry is essential. 
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From tlie seed supply so produced distribution will be made to 
cxiTa-Ministeriiil agencies and here, for the first time, direct contact 
with the public will be reached. As T have stated above, the amount 
of seed that can ])e pror-ured under such rigid control will be, under 
any organixitioii piacticable, Init an iota of that recpiired to sow even 
one type tract. Contnil, atul the organij^ation which accompanies 
it, cannot, therefore, cease here. That seed nnist be issued 
to a circh' of selected and more reliable cultivators with whom 
arrang(‘ments for the repurchase of the croji for the purpose of 
increasing tlie seed supply are possibh*. These cultivators will, in 
the following vi'ar, be supplied with a fresh stock from the directly 
Cfuilrolled (lovernnient stock, while the seed recovered from them is 
issued to a further set of cultivators. 

1 m.iv set out the above .scheme in tabular lorm : 

(1) Research the i.s(»lation of races in a condition of 

purity. 

(2) K.x])eriiueulal trial small cultures grown com{)aratively 

under ditTering cnvironmen'.al c(»nditions. 

{.‘{) Field trials in tho.sc tracts onlv which the trials under 

(2) hav<‘ ]»roved suitable. 

(4) Seed production the bulk devedopment of a pure .seed 

supjdy. 

(5) Seed distribution the organization of a .seed supply 

sufiicient to )n<‘et (he full needs of the tra<'t. 

We an; now in a })o.sition to consider the equipment that will be 
needed to allow the succe,ssful development of this scheme for passing 
from the experimental to the practical i.ssue. At the foundation 
of the .scheme is the Jiotanical Section which will require a 
Reamrrli Farm. On this farm will be conducted, by the botanical 
staff, all that work Avhich aims ultimately at the production of pure 
races. With a three-year rotation and an area of 25 to 30 acres 
under cotton at one time, some 70 —90 acre.s will be needed for 
this farm. 

For the experimental trial of such races as result from the 
botanical research farm small experimental plots, totalling two to, 
three acres, will be required and these must be repeated in each 



AQMcmi^AL JotJiWA!; ot priajs. vj- 

lecogni^d t 3 rpe tract. The mimber of races srfficien^ promismp 
toJbe subjected to such tests will be relatively small for any one 
season. Repetition is, however, an essence of the trial in order to 
reduce, as far as possible, the probable error, and the area here given 
will allow for the necessary repetitions to be made at each centre 
of trial. These areas are too small to form a unit in themselves and 
they may conveniently form part of an ExperimeiUal Farm. 

An experimental farm will be required for each definite tract 
and will form the site on which will be conducted all the purely 
agricultural experiments including, in addition to the experimental 
trials just alluded to, the field trials forming the third stage of 
development. For each of these an area of some 150 acres will be 
required. 

♦ Seed multiplication demands a distinct area, or Seed Farm, 
with a minimum of 150 acres giving 50 acres of cotton. 
Specialization is here required to ensure purity. Again, one such 
farm is required for each type tract as defined above. 

The seed derived from the seed farms is available for distribution 
and for this, as follows from w'hat I have already said, no equipment 
in the form of land is needed. 

We may now turn to the question of organization which will 
realize most completely the opportunities offered by the institution 
of such farms throughout the country. 

As before, I may commence with the Botanical Section with 
its staff engaged in detailed investigation leading up to the 
estabbshment of pure races which, in the first instance, will amount 
to cultures each totalling in the neighbourhood of some 200 plants. 
From such cultures sufficient seed will be available to provide 
a supply for the experimental trials and also to multiply up, cm 
the research farm, a seed supply of sufficient magnitude to sow 1-2 
acres. Of those races which satisfy the preliminary experimentel 
tests there will thus be sufficient seed to carry on to the seed fanni 
whidt will be fully stocked in the third year. 

The Agricultural Section with its staff controls the experimentai 
IfUXQB and^ by conducting the experimental trials, will ha^^ 
tq become familiar with the lewults}^ 
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of Botanical Section. It wiU also have the opportunity of 
forimng an independent opinion of the value of the various races 
submitted for trial. Such check is valuable, affording, as it does, 
criticism from a different angle. The ultimate selection as to which 
races are to be continued and which discarded will rest jointly with 
the botanical and agricultural officers. 

The seed farms are not so readily allocated. Their primary 
function is to work up a stock of pure seed and for this purpose 
botanical control and botanical examination are desirable. At 
the same time their location makes centralized control difficult 
while, for the same reason, they fall naturally into a district 
organization. We have here to strike the balance between the 
different disal>ilities, and I am inclined to think that the deciding 
factor should be one of individuality. It might bb found 
advisable to adopt a middle course in this matter, placing 
the seed farm nearest to headquarters under the Botanical 
Section and the remainder under the respective district agricultural 
officers. , 

From the seed farm seed is issued to the cultivators, using that 
word in its widest sense. The selection of these is a matter for 
the district officer whose knowledge of his district should be such 
as to enable him to select the more reliable cultivators for the 
purpose. These may be actual cultivators or landholders who take 
a personal interest in the management of their estates. No doubt, 
too, valuable assistance could be rendered by the State Domains in 
this direction. 

Before proceeding to the discussion of the wider distribution 
of seed with the precautions necessary to maintain purity I may 
summarize the scheme here outlined by a diagrammatic 
representation of the stages in the development of a pure race. 

The diagram opposite indicates the method by which purity u 
nmintained up to the commercial stage with which we have now to 
deiat. It may be described as a series of waves originating with 
research farm and passing from thence outwards. There is 
no backward flow of seed and the effect of any aotidental owase#' 
impurity is> tiius. diminated. ~ 
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The agricultural organization conceived in this scheme is ^.te 
of a series of circles (to use an Indian term) based as far possible 
on type tracts and, Ihcrefore. since lliesc arc determined by 
environmental conditi( ns. on climate. Each circle will be in charge 
of a circle officer whose work is dual. On tin* one hand, he will have 
control of an experimental farm and. cm the other, lie must develop 
an intimate knowledge of his circle and ))e in a ]M»sition to select 
reliable men to whom he can entrust tiie cultivation of the 
seed is.sued from tlie seed farms. The fonm'r, to la* pro|)erlv 
developed, will require a great deal of ]M*rsonal work involving 
residence at the local head<|Uarters at lh<' busiest season, the latter 
frequent touring. The two functions are ineojiipatiblc and if one 
or other line of work is not to be neglected, it seems essential that 
two officers should normally l)c allowed on the strength of each 
circle, an arrangement which has certain administrative advantages. 

V. 

AVith such an organizati<m the mainttmance of j)urity in the 
seed supply up to the stage when issue is lirst made to the jmblie 
.should not ofTer any great difficulty. \\V have now to consider the 
organization required for the further multiplication of that .seed. 
It is here that the work of tin? Commercial Section will commence. 
Such a section is already in existence, but its activities have been 
confined to the su])})ly of seed to the smaller civltivator and in 1910 
approximately .30 per cent, of the cot ton area was sown to seed so 
issued. Effective though that organization appears to be, it does 
not strike at the root of the ])roblem. 3'he. seed is .sown under no 
control and is of little or no value in imacasing the supply of purer 
seed. Many of the larger cultivators too appear U) be a.s care1es.s a.s 
the smaller in this matter. It is immaterial whether the causeTs 
ignorance or economic pressure, the effect is the same. 8ome more 
general control of the seed supply is needed, and such control must 
avoid the assumption by Government, as represented by the 
Ministry, of the function of a general dealer in seed. It would 
, appear possible, by working along the lines indicated below, which 
are . the outcome of conversations held by me in Alexandria, to 
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evolve a workable scheme which will ensure a certain standard 
of ^d and, at the same time, provide the means of working up as 
far as may be necessary, wliile maintaining purity, the seed of 
the racies which find their origin in the work of the Botanical 
Hection. 

The agricultural organization, as we have traced it, gives a seed 
supply sufficient, to sow 500 acres. Allowing a margin for cases 
in which doubt u,tt achcs, the circle officer sliould be able to recover 
seed sufficient to sow 4,000 acres in the succeeding year. He will 
be able to locate the fields planted to that seed, but it will be beyond 
his means to recr)V(‘r the seed. Were he now to notify the giniiers 
of the names of these growers with the area grown by each, it should 
be possible to intercept a fair yuoportion t»f the crop so grown as it 
comes into the ginneries and, by arrangement with the ginner, this 
could be giniK'd and the seed kept se})arate. Such seed will now 
receive a (Jovermnejit mark indicating that it is ])assed as taqawi 
(cotton seed used for sowing). 1 am here making various assumptions; 

1 assume an intimab^ local knowledge on the part of the circle officer 
which will enabh' him to select reliable men ; 1 assume t he form that 
reliability takes will include a willingness to deal with the ginner 
selected, and 1 assume the existence of ginners who apjneciate the 
importance of a guarded seed supply sufficiently to take the necessary 
trouble. From what 1 have been able to gather on these matters 
I am inclined to think that all these assum})tionsare well founded. 

The ginner will now dis})ose of this taqawi seed in the normal 
course of his business but. will keep a record for the information of 
the circle rtflicer of the ])inchasers. 'J’he latter will thus be able, 
by a system of inspections during the succeeding year, to draw up a 
list of (iultivators whose crop is sufticiently pure to serve as a source 
of taqawi. His selection will continue until he can find no more 
fields sufficiently pure to sei ve as a basis for seed supply—a condition 
which will occur dui'ing the early years of introduction—or until he 
has arranged for a sufficient supply, allowing for wastage, to 
meet the needs of the tract it is desired to plant to that kind. 

I have described the organization with especial reference to the , 
introduction of new races but, as I conceive it, that will not be the 
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main function of the scheme. I conceive the scheme, as describ^., 
merely as the preliminary stage in the evolution of a more com^Jiete 
one aimed at licensing the ginneries for taqawi. 

The licensee will keep a record— 

(1) of tlie cultivators whose crops have gone to the production 

of taqawi, including a statement of the kind and the 
amount; 

(2) of the persons to whom he has disposed of that seed, again 
. including a statcine.nt of the kind and amount in 

each transaction. 

In the selection of the seed cottoix he will he guided hy inform¬ 
ation supplied him by the circle officer aided by his own judgment. 
Where the source has not previously been inspected the seed cotton 
will be passed by the circle officer before it is ginned. All 
such taqawi seed will receive an official seal. The disposal of 
this seed will be subject to no further control than is indicated 
in (2). 

The.se two lists. 1 .suggest, should go to the ('ommercial Section 
of the Ministry, which will, thus, be in a ])osition to collate the 
information with regard to seed supply by circles and to furnish 
the circle officers with such collated lists. 'I’he Commercial 
Section will also be responsible for extending the present 
di.stribution of seed to small holders,* for which it will obtain its 
supply from the scaled stock in the hands of the ginners, but the 
supply to the larger holders will remain uncontrolled. 

Under this scheme, when fully developxtd, the circle officer 
will be in possession, through the Commercial Section, of 
information as to the source of the seed from which a large proportion 
of the cotton in his circle is grown. He wdll thus be in a position 
to check to some extent the efficacy of the system of licensing. 
By using his local knowledge and concentrating on the larger 
holders he will be in a position to exercise control over the bulk of 
the cotton crop of his circle with the minimum of effort. 


* The maximam amount uimed in one lot ia 10 ardebs (1 ardeb«MS’44 bnahels), or 
foffioieat lor 20 feddana (I feddann 1-04 acres), repreaenting a holding oi between SO aad'^S 
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, ■ I am not here concerned so much with the development of a 
scll^ie practical iii all its details—for such, practical experience 
and a local knowledge I do not possess is essential—as with outlining 
the main features any scheme, to bo effective, must possess. Among 
such features I place the absence of penalty against the licensee* 
Success or failure will depend very largely on the goodwill of these. 

Ill the “ Agricult ural Journal of Eg^'pt,” Vol. VIII, p. 69, an 
account is given of the system of control of taqawi instituted in 
connection with the control of cotton seed organized in 1917. The 
problem was then apjiroaciied from a different standpoint and tbe 
control is, thendore, of a somewliat different nature to that which I 
have just suggested. It introduces control at a stage when that 
control is dillicult of application and of a nature which, at first sight, 
a]>pears to fie restrictive. It is, for that reason, that I hesitated 
to suggest any control at this stage. The fact that the scheme has 
been devclojied without serious criticism from the financial 
interests affected makes it worth considering whether its institution 
on a permanent liasis is not desirable. It is truly complementary 
to the sclieme 1 have here proposed ; there is no fundamental 
inconijiatibility between them, since they do not cover the same 
ground, and there should be no great difficulty in making the two 
dovetail into each other. 

There appear to be a body of responsible ginners wdio fully 
recognize the irnjiortance of seed control and who would willingly 
undertake to make such returns. The position is more nearly that 
of a co-partnership for mutual benefit than one of enforcement of a 
restrictive order. For the services provided, (Government guarantees 
a partial monopoly. In such a system any penalty beyond the 
removal of the license is inadmissible, and penalty, if any be required, 
will be imposed on the purchaser of non-guaranteed seed. The 
use to Avhich the returns are put will end normally with the check 
which they will enable the district officer to make. Of one fact I 
am thoroughly convinced, if a scheme based on the goodwill and 
co-operation of the giuner be wanting in success, no scheme based on 
compulsion and the enforcement of penalties will lead to any better 
result. 
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It is recognized that any scheme such as I have 
throw a considerable amount of work on the circle 
accomplish which a large portion of their time will be spent in 
touring. It is very largely recognition of this fact which is 
responsible for the suggestion that the normal senior staff of the 
circle shall be two ; the senior engaged mainly in touring and the 
district work and the juTiior on experimental work. 

I have left reference to the economic as])ect till the last because 
the discussion of the system outlined for the introduction of new, 
and the maintenance of purity in old. races throws a certain light 
on this. Statistical information is re(|uired botli of the relative 
quantities of the different classes giown, of the value realiw'd for 
these, and of the development of cottons caj)al)]e of replacing these 
but grown in other countries. The system) 1 luive outlined for 
licensing ginneries and the information contiiincd in the lists jnojiosed 
in connection with that system should ]>rovid(' the n)ateriiils for a 
very accurate esstimate of the relative iiieas sown to the v.arious liices. 
and it is partly on this account that 1 have .suggested the 
centralizfition of the work of abstriu'ting these in thefommerciiil 
Section. Information with regard to juices and to the cottons 
produced in countries other than Kgy})t must be derived from 
external sources. With a definite idea of what information is 
required, it shoidd not be difficult, by enlisting the services of the 
Empire Cotton Growing Committee, of the Finc'Spinnei'S Association, 
or of the International Federation, to arrange for statistics to be 
prepared in suitable form. The work of collating and recording 
this information requires no .separate section i)iid might conveniently 
be entrusted to the Commercial Sectio)). 

VI. 

It will, perhaps, render these proposals clear if I refer to a few 
practical problems of the present day and show in what manner 
the scheme outlined will affect their development. 

Mr. Holland, some years ago, commenced a series of selections 
, of the standard Egyptian cottons with a view to developing cultures 
of these \riuch would give a more uniform product than is now 


outlined ^1 
! ofiicem to 
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cpmmonly attained. Of these, we may consider the Ashmouni 
cuitwe. His method is, to descriln; it briefly, based on single plant 
selection of typical plants. The offspring of these single plants are 
grown separately, are examined in detail, and the seed of those 
plants which conform most nearly to the idetil of the Ashmouni type 
is harvested again separately, and sown the following year, as 
.single plant cultures to form his Grade 1 crop. The seed of the 
remaining phint.s is harve.sted and bulked together to form his 
Grade TI crop. In the following year the single plant Grade I 
cultures are again examined and fiom them .single plants are selected. 
The remaining Grade I plants ]u-f)vide the next year’s Grade II 
crop while tlie Grade II crop is sown as Grade III crop. 

This process is rej)eated annually, the .seed from the Grade III 
crop being issued to cultivators who grow it as Grade IV crop. 

(■ertain of these cultivators sow it under Ministerial supervision and the 
Ministry retains the riglit of purchase of tlic produce from this in 
the remainder of the Grade IV^ cro}) and,subse(|uently, control ceases 
and th(' amount of contiolled seed at t he disposal of the Ministry is, 
thus, limited to that from the controlled jwrtion of the Grade IV 
crop, or enough to sow some oOO—GOO feddans. 

'I’liis area is a mere fraction even of that which is sown to the 
Ashmouni .seed di.stril>uted by tiie Gonunercial Section of the 
Ministry -'Over 100,000 feddans in 1019—ajid the Ministry is compelled, 
thei'efore, to seek its suj)ply from ginneries. Now if this seed, 
selected on Mr. Bolland’s scheme, is materially to affect the 
Ashmouni cro[), and that presumably is the only justification for the 
labour incurred in that selection, the Ministry must check the 
sowings and trace the jmxluce of those crops which it finds to be 
sufficientl y pure to the ginneries, and must purchase the seed obtained 
from it to form what we may term a Grade V crop. Let us examine 
the practical aspect of this more closely. 

In a letter recently received by the Mhiistry, I find the following 
remarks; they refer to produce from the uncontrolled section of 
the Grade IV crop:— 

“ The cotton was grown in two villages; the sample from the 
former shows a good coloured brown Ashmouni with as good staple 



6l0 AGRiCULtURAt JOURNAL OF INDIA [XV, Vt. 

as we have seen this season; there are, however, streaks of ligh'fcfr 
coloured cotton which is curious, seeing that the seed is pure.. .-e'. 

The latter ‘‘ Is however entirely different to the first lot; it contains 
a short wasty cotton and the class is harely F. (r. F. It is 
surprising that it is supposed to be the same seed and perhaps you may 
be able to indicate the cause of deterioration.” 

Again I have examinwl some samples of the seed cotton of this 
same (iKvde IV crop and have found it more mixed than the majority 
of commercial samples of Ashmouni that 1 have seen. In the former 
case, there is a distinct and large diveigenee between the produce 
raised from two identical lots of seed; in the latter, admixtuie 
sufficient to render the produce less uniform than most of the 
uncontrolled Ashmouni cro]). 

The explanation cannot be given with certainty since there have 
been no independent observations of the various cro])s concerned, 
but it is probably this. In the first ca.se both crops are .sown with 
the controlled seed and in one instance germijiations were succes.sfid 
and resowing xinnecessary ; in the second instance, a huge {uoportion 
of the crop consisted of .second .sowings and these were made with 
seed of different origin. The second case forms a parallel to the 
second instance of the first case and second sowings with se<Hl of 
different origin was largely resorted to. In the first of the.se three 
instances only can the croji be truly considered to be of 
Mr. Bolland’s Ashmouni, the seed of the remainder is wortlile.ss for 
further distribution. Yet, the name is retained for the produce 
of all these cultures and the Ministry has no moans of judging 
which are the reliable lots when it comes to jnirchase from the 
gins. The cessation of control after the (fradc IV crop, therefore, 
renders it impossible to assure a supply of reliable seed for more than 
600— 600 feddans. 

Were, now, an organization, such as I have outlined, to be iti 
operation, the district officer would be in a position to see that these 
600— 600 feddans belonged to responsible persons who could be relied 
on to carry out any resowing with the same seed as that supplied. 
^ His local knowledge would, moreover, enable him to place the 
entire Grade IV crop in the hands of reliable persons. Even 
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ptipposing he fails to exercise any supervision over the distribution of 
tJie-'Seed and the sowings, he woidd know where it was growing, could 
inspect the crops, see which of these maintained their purity, trace 
these to the ginneries, and so place at the disposal of the Ministry a 
yearly increasing supply of seed of known quality. 

As a second instance, 1 may take the (^ase of the Domains. 
Here Mr. Jeffreys has, for a number of years, devoted much labour to 
purifying the field crops of some of tlie more important varieties of 
Lower Egypt, notably Hake) and Assili. His method differs from 
the above and may be termed lailk selection. From the Held crop, 
before general picking commences, lie collected a bulk of seed taken 
only from those plants which correspond to the ideal of the type in 
question. 'J'he seed from the produce so ('ollected is sown sepa¬ 
rately, rogued during the course of its growth and again gone 
through before harvest, and a similar amount of seed cotton of the 
most typical plants taken. The remaining seed is used to extend 
the area under the selected crop. Ju this way he has worked up an 
area of 10,000 feddans in which the crop is manifestly purer than any 
I have seen elsewhere, and it forms a distiiut advance in imdormity 
on any of the crops commonly grown. He has also maintained 
on a fair scale in a state of considerable purity many other 
types, notably those evolved by J)r. Balls. We are here, however, 
onlv concerned with the two varieties, Sakel and Assili—of which 
a commercial seed supply is raised. Under present circumstances 
that seed, totalling 13,000 -15,000 ardebs, is Used partly by 
the Domains for sowing the area under their direct cultivation, 
using some 3,000 to 3,500 ardebs ; partly for sowung a large area of 
leased lands, absorbing some 5,000 to 6,000 ardebs. The remaining 
seed is placed at the disposal of the Ministry which distributes it 
through the Commercial Section to cultivators in small lots. In 
all except the first case, and the extent of that is only sufficient to 
produce the same volume of seed yeaily, control ceases. The 
subsequent cultivator is usually a small man who may, or may 
not, resow with seed of unknown origin. 

Apart from the difficulty of re-collecting from a large number 
of small holders, the value of such seed for taqawi is very 
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questionable. Practically, therefore, the efforts made on tbe^ 
Domains merely result in the raaiptenance of a certain 
constant volume of seed and there is no cumulative effect leading to 
increase. 

Here, agai)), wore there an organizfition such as T have outlined, 
the Domains seed would pass to the larger private estate^ the 
district officer would be supplied with particulai's of these, would 
inspect the crops, note which are the purest of these, trace them 
to the ginneries, and place at the disposal of the Ministry for 
distribution to the sniallei’ cultivators an ever increasing source 
of supply of reliabhi seed. 

VII. 

I have indicated the essential points ol an organization for the 
development of improved cottons and for the introduction of these 
on a commercial .scale under conditions wliitli will maintain a 
sufficient degree of purity. As described, the outstanding feature 
of that organization is continuity, lint while continuity is essential 
to the successive stages of that develojunent, such continuity is not 
possible in the organizjition. At lea.st. three sections of tlie Mini.stry, 
the Botanical, the Agricultural and the Commercial, aia; concerned. 
Success will depend on tlie maintenance f)f that continuity of work 
in spite of the discontinuity of agents, and the danger to the .scheme 
lies at those jroints where the activities of two agencies meet. The 
function of organization should be the prevention of any hiatus 
occurring at the.se points and it .should leave the maximum of freedom 
within the sections themselves. 

Thi.s necessity for continuity requires to, be emphasized. 
Recently a (Cotton Research Board has been instituted with the 
underlying idea that the control of cotton research shall be 
undert-aken by it, leaving the practical aspects of the problem to the 
Ministry, Such a division of functions, 1 think, is hardly consistent 
with the development of the continuity I hold to be essential for 
the successful development of the scheme. It institutes a duality of 
control which is almost certain to lead to a break in continuity, and 
to the establishment of the hiatus it is most desirable to avoid. 
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idea underlying the separation of research from practice appears 
to “l^e based on analogy with Englisli conditions. Here the tendency 
is in the direction of such separation. I am inclined to think that 
this analogy is not a true one, especially in matters like agriculture. 
In England the farmer is educated and he appreciates the value of 
improved seed in crop production. He himself carries out the later 
stages of seed production inasmuch as lie purchases a limited 
amount of pedigrei' seed and, from the crop produced from this, 
sows Jiis entire area if the trial proves tlu^ superioi-ity of the r'ace under 
the local conditions. He is. thus, able and willingtopay a high price 
for pedigree seed, for the amount he has actually to purchase is 
small. It is that ability and willingness which makes the production 
of pedigrei' stock a financial propo.sition for the seedsman. In 
Egypt tin* conditions are far <lifF<‘rent. 'I'he cultivator is uneducated 
and even illiterati*. 'riiere is no general O'cognif ion of the value of 
pedigrei' stock, no willingness to pay a high ]ui< <‘ for such, and, 
con.seriuently, no encouragenamt for the .seedsman and plant-breeder 
on a financial basis, (tovernnient mu.sl control the seed supply 
not only during the early stages but throughout. Not only, therefore, 
is continuity es.sential in the llesearch Section pure and simple, but 
that continuity mii.st e.xteiifl to the ( ornmercial Sectiorr as well- a 
continuity which is not likcdy to be fostmed by widening the breach 
between re.search and jUiU tice. Such continuity will, in mv opinion, 
be best nraintained by the institution of a Cotton Committee withirv 
the Ministry itself. 'Phis committee will be com])osed of the heads 
of the various sections concerned with the develojmient of cotton and 
will sit under the jrresidency of the Ibuler Secretary of State for 
Agriculture. It will deal with all matters of a general nature 
affectirtg more than one section and decide all <|uestiuns of principle. 
It must, however-, jrvoid any interfer-«*nce with the actual work of 
the irrdividual seritions (vrice t he gener-al lines of jrolicy have been 
decided. The (ha ision as to what shall, or- shall not, come before 
tiro (^omrrrittec must rest wit h the Undm- Secretary of State. Frrrther, 
the committee will form a t-onverrient body to deal with any rrratters 
of general principle now refer-red to the Under S cretary of State 
by Government. The conrmittee should be flexible, and that 
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flexibility may be given to it by a power to co-opt members for 
particular purposes. t*''. 

It, perhaps, carries me too far beyond the range of my terms 
of reference, but it may help to render my conception of the working 
of this Ministerial committee more clear, if I say that I look upon 
this committee merely as one of a number of such committees. It is, 
in my opinion, the most satisfactory means of dealing with all 
technical subjects which concern more than one section c»f the 
Ministry. On the one hand, they form a most convenient means 
for deciding, by mutual discussion, the lines of w'ork of the different 
sections, so that these may dovetail into each other while, at the 
same time, automatically placing on record a Ministerial policj'; 
on the other, they form a definite body to which the Under Secretary 
of State can refer such references on technical ?natters as are 
received from Clovernment and from w'hich he can obtain an 
authoritative technical opinion. 

The field presented by the cotton problem, however, in its 
entirety, extends beyond the scope of the Ministry of Agriculture. 
On the one side, there are the Domains. These form an enormous 
potential asset for the development of a controlled seed supply. I 
have already shown how it is that the Domains have failed to pass 
from a potential, to a practical, asset in this respect, and how it 
is that the very successful efforts are largely dissipated. A liaison 
requires to be effected between the Domains and the Ministry by 
which such questions as the varieties it is desirable that the Domains 
should grow, and the distribution of the seed raised on the Domains’ 
land, can be settled. On the other side is the physical investigation 
«for the conduct of which the Physical Service is relied on. It may 
also be remarked that the development of that work may raise 
important questions of w^ater-supply which will involve the 
Irrigation Department. At least three extra-Ministerial bodies are, 
thus, concerned and between them some liaison is desirable. 

I am aware that my proposal for the establishment of a 
committee within the Ministry will appear to undermine the position 
.of the Cotton Research Board as at present instituted. This it 
undoubtedly does, but it indicates the desirability of a Board 
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•occupying the same position with respect to the Ministry as the 
existing Board hut with somewhat ditferent functions. By the 
decree instituting that Board its function is defined as ‘ to combine, 
co-ordinate and extend the quality and yield of cotton grown in 
Egypt'.’ From the general aspect I have already indicated the 
un(lesiral)ility of separating research from practice in the economic 
conditions prevalent in Egypt and, from the particular aspect, there 
appeans to me the danger of a most undesirable duality of control. 
As 1 conceive it, tlie Board slionld serve the function of liaison agent 
between the Mini.stry of Agriculture and such extra-Ministerial 
bodies as are concerned witli the cotton problem. The Ministerial 
not<'. explaining tlie deciee says ‘ tlie Board will maintain ’ close 
touch with cotton giower. ginners and spinners so as to know their 
‘needs.’ 1 liave dealt with this aspect elsewhere. It is the work 
enumerated by me as economic. 1 have suggested that this be 
jHM'formed by the (Vanmercial Section and provision luis already 
been nuule for it in the proposals 1 have already made. 


{To he continued.) 



FLAX IN THE UNITED PROVINCES. 


BY 


H. (’. HruT. 15.Sc., 

Ih-jmhj Director oj AiiricuJlure, Ceidrnl Circle, U. P. 

In a m-ent number of " (^apitiil ” an extract was published 
from a note, on the prospects of rtax<-ultivation in the United 
Provinces, originally publislied at the retiuesl of the rnited Provinces 
Department of Industries in lit!5. and which was r(*pi()duced at the 
time in the “• Indian Trade Journal ” and in several pericMlicals. Wlien 
that note wa.s written tin* price (tf agricnituial produce hail Jiot 
been materially affected liv the war. and altliough flax had ris<*n 
substantially in price it liad not readied anytliing like its juesent 
high level. Nor was there any indication of an acute world shortage 
of flax such as is now apfiarent. 

In the note referred to it was shown that siweral years’ ex¬ 
periments at the C^awnpore Experimental Farm had proved that flax 
could he successfully grown in the canal-ii rigated tracts of t he U. P. 
On the basis of the Dooriah factory’ ex[)eriments, with flax at 
about £()0 per ton and with a fibre percentage of 8 per cent., Mr. 
Vandekerkhove e.stimated that a central factory could afford to pay 
R. 1 per maund (82‘3 lb.) of rippled straw to growers. At C!awnpore 
the percentage of good fibre to straw was 10 to 12, and oti this basis, 
prior to the war, U. P. flax was worth at least R. 1-4 per maund. 

It was shown that yields of 40 maunds per acre of rippled 
straw could be obtained without difficulty, given irrigation, and that 
in a favourable year 60 maunds might be expected. On this basis 
and assuming pre-war prices for wheat and similar crops, flax, 

• ’ Puta liuUtiin No. JiO. 
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»when due allowance was made for the value of the seed, was worth 
as cnuch as an average (;rop of wheat at even R. 1 per maund for 
straw. 

Conditions have now materially altered ; the ])rices of wheat 
and other food grains have advanced materially and, although 
there was a temporary fall at the last harvest, it seems iiot unlikely 
that future calculations must be based on five rupees per maund for 
wheat and at least eiglit annas per maund for straw (bhma) except 
in villages remote from th(‘ larger markets. With the higher yielding 
Pusa wheats, now estal)lishe(l over very considerable areas in the 
neighbourhood of Cawn])ore. yields f)f 20 rnaunds per acre of grain 
and ap})roximately 40 rnaunds of straw are being regularly obtained 
by a large number of wheat -growers, and with gocnl cultivation 
substantially higher yields are not uncommon. Flax as a canal- 
irrigated crop would c.om(‘ into diretd c()mj)etition with wheat from the 
grower’s point of vi<nv. and an acre of flax would therefore need 
I/O yield at. least Rs. 140 to equal wheat. Allowing for the 
somewhat imTcased labour required foi‘ pulling and handling, and 
for the facd that no growi'.r wouhl abandon a food (Top for a purely 
commercial crop unl(‘ss he saw considerable profit in doijig .so.it is 
clear that, flax would no longei- be a profitable crop at R. 1 per 
maund of straw. 

On the other hand, t he pre.sent price of ev'cn medium quality 
flax is in the neighbourhood of £300 p(T ton. and it seems unlikely 
that, within the next few years it will be le.ss than £150 per ton. 
A central factory could, therefore, afford to pay some Rs. 5 to Rs. 6 
per maund for rippled straw for a number of years. This would 
give the grower some Rs. 200 to Rs. 240 per acre for his straw in an 
average year. 

The value of a flax crop at the present time is materially 
enhanced by the price of the seed, since seed imported from England 
costs at least Rs. 40 per nuiund. On the otlier hand, if tlie seed is 
not so handled as to be fit for sale for fibre growing its value will be 
slightly less than that of ordinary linseed, say, Rs. 8 per maund. 

Although flax can be succiessfully grown in the U. P. it cannqt 
be too clearly stated that there is not the slightest chance of 
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flax-growing developing as a purely village industry. The retting and, 
scutching of flax require an amount of care and attention impo.s4ljte 
in the average village. Nor is the average (jultivator in a pofsition 
to finance a crop of this kind, the seed for which would cost some 
Rs. 60 per acre, unless he has a definite guarantee of a purchaser for 
his straw. Given a central factory for retting and scutching, there 
would be little difficulty in persuading cultivators tf) grow flax. 
Without a central factory no progress is possible. 

In addition to purchasing straw for cash it would also probably 
be necessary for tfie central fac!fory to finam-e giy)wers to a c«!rtain 
extent, particularly by supplying seed on credit. In view of the 
present marked discrepancy between the f)rice of flax seed and 
ordinary linseed it would be desirable for the central factory tf) 
make its own arrangements for rip])ling and to purchase the secal 
on the straw. Working on these lines advances in kind could be 
safely made and the central factory would automatically obtain a 
supply of seed for the extension of its openitions since the surplus 
seed could be purchased from the cultivator at a reasonable pric(‘. 

Flax when grown at Gawnporo a])pears to degonei-ate gradually 
if constantly grown from local seed. This was very clearly shown 
by experience at Cawnpore with flax obtained originally from 
Holland, which had been acclimatized in Bihar for one year. For 
about three years flax of good quality was obtained, aft.er that 
degeneration was fairly ra])id and the fibre obtained was too short 
for anything but the coarse.st spinning. Hence any business concern 
taking up flax would have to face the. necessity of importing a 
certain proportion f)f its seed annually. 

Recent experiments. 

In October 1919 English flax seed (Dutch Child) was obtained 
from the Ministry of Agriculture (Flax Production Branch) and 
also a small supply of Japanese seed from the Flax Control Board. 
The latter was believed to be of Dutch origin but its parentage is 
not known. Both these varieties grew well at Cawnpore. Full 
figures are not yet available as the bulk of the crop has been retained 
for retting and scutching during the coming cold weather in accordance 
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with previous practice. The yield of straw per acre was lower 
tha» usual -Japanese flax 42 maundsper acre, English flax (Dutch 
Child) 35 maunds per acre— on account of an unusual shortage of canal 
water (such as has not been recorded at Cawnpore for some 8 years) 
which prevented adequate irrigation being given. The seed yields 
were 5^ maunds per acre for English flax and 7 maunds per acre for 
Japanese flax. On a preliminary trial the fibre percentage was 17, 
which is unusually high, but this figure requires confirmation under 
normal conditions. The crop grew well and the length of the fibre 
was satisfactory. 

Throughout t he Dooriah flax experiments retting and scutching 
was postponed until the beginning of the cold weather following 
the harvesting of tlie straw. This involves the locking up of capital 
for a period of six months and, under present market conditions, 
the central factorv would also have to take the risk of verv 
considerable market flu(*tuations. Though possibly not a disadvantage 
at present this might be sufficient to cause material loss when flax 
production in other countries jccovers. Experiments were, therefore, 
carried out to see whether retting and scutching could be perfomied 
in April immediately after the flax harvest. The high temperatures 
caused less difficulty than was expected in retting. Scutching was, 
difficult on account of the intense dryness of the air and could only 
be carried on iji a closed room artificially kept damp. During the 
monsoon retting would be impracticable, but scutching appears to 
present no parti('ular difficulty. Until valuations are received of 
flax retted and scutched i?i April and flax from the same crop retted 
and scutched in October-November it is not possible to say how far 
hot weather retting is feasible, but the point is obviously of 
considerable importance. 



SOMK OBSERVATIONS ON THE ROOTS OP 
FRUIT TREES 


BY 

W. BURNS, D. Sc.. 

Eccmmic Botanist, Bombarj; 

AND 

L. B. KULKARNI, L. Ao., 

Oj the Bombay AyricuUural Deparlmitl. 


The following observations were made on the roots of CUrus 
trees in two places, and on the roots of guava trees m one place. 


Citrus. 


The Vernacular Agricultural tSchool at Loni, near Poona, had a 
fruit plot which was not entirely satisfactory, being planted to a 
number of varieties of fruit trees some of which grew indifierently. 
It was decided to take out all these trees and replant with one variety.' 
Opportunity was taken to expose fully the root system of a typical 
orange tree of the loose skinned type {Santra) and also the root 
system of a typical orange tree of the tight skinned type {Mosamln 
or sweet lime). The following history of the plants is of invest. 
There was one line of each. Both were budded on the Jambfim 
stock, a variety of CUrus medica. The soil was alluvial loam, varying 
n depth from 1 to feet, with hard trap just underneath. Th« 
Utfaoe slope was about 5 degrees (estimated) running down to a 


leails 


The trees were planted in November 1914, and 
yMu» old whm the roots were exposed in 


we®e:' 


"I 
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Fig. 1. Sanlra tree at Loni, showing spread of lateral roots. 



Fig, 2. Mosambi tree at Loni, showing spread of lateral roots. 
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Fcft two years after planting the plants were irrigated in basins up to 
the stem. Tliese basins were of a radius of 3 feet. Thereafto 
ring irrigation was practised, the ring being widened yearly. The 
rings were cultivated by hand after eacih irrigation. General 
cultivation with a disc harrow was given once a month, and the soil 
was ploughed thrice a year to 6 inches dex*p. 

Water was given not .at fixed intervals, but when the trees 
showed signs of needing it. The minimum interval was 10 days, the 
maxiunun 20, and the average 15 daj’s. No root exposure was 
prar-tised, and the trees flowered without any forcing. All did not 
flower at. the same time, but the majority flowered in June. No 
inter-crop was taken after Jfay 1917. The inter-crop previous to 
that date, if any, is unknown. 

WHiile exposing the i-oots, one interesting physiological fact 
came to light. Exposure of the 
roots was 1)ogun on Octol)er 0. 0)i 
Octo1)er 11, t he horizontal spiead of 
the roots was entirely ex])osed. 

The plants remained thus witliout 
wilting till Octol)er 1.3, when they 
were examined. During this period ® 
the average day maximum 
temperature was 93° F. and no 
water was given. The plants’ 
resistance to drought, with only a 
few roots left as absorbing oigans, 
is therefore remarkable. 

Plate XXXV, fig. 1, represents 
the SarUra tree, .and Plate XXXV, fig. 2, the Mosamhi tree. 

The following points are noticeable:— 

(1) The relatively great spread of the root S 3 ^tem. The height of 
the Santra plant was 10 feet 4 inches from the .soil level. 

The root length’s laterally varied up to 13 feet 6 inches, wi li 
an average of 8 feet. It will be seen from the plan 
(Text-fig. 1) that the greatest, length of roots occurred 
on the side where, in the quincunx arrangement of the . 
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trees, there was a way for them to get between the 
trees in the next row. 

The Mosambi tree li.ad a height of 7 feet 4 inchea, and a 
trunk diameter at soil level of 4 inches, which 
diminished to 1| inches at 18 inches below the 
surface (presumably the tap root). The average 
radius of the root (iircle was 6 feet. 10 inches, 

(2) The next point of interest and importance is tlie compara- 
. tive shallowness of the lateral roots. These, in both 

cases, started from 6 to 12 inches l)elow the soil level 
and then spread ont, branching and gradually rising in 
the soil. All these terminated in small richly-branched 
masses of feeding roots. Besides these latfuul roots 
there were two or three roots of from one to half-an- 
inch diameter going deeper into the soil and apparently 
iicting as anchoring roots. These, of conrse,, could 
go no further when they came up against the hard 
trap underlying the soil. 

Plate XXXVI, fig. 1, shows a 14-year old *SVu?tm plant, also 
budded on Jamhnri, growing in deep medium black soil in the 
Ganeshkhind Garden, P(X)na. The root .system is here of precisely t he 
same character. There are well develojied lateral roots growing in all 
directions to an average radius of 10 feet, several roots being as far out 
as 16 feet, the mean point of origin of these laterals being about 9 inches 
below the soil surface. The anchoring rocrfs were more strong and 
tliick, but not numerous. This plant was suffering badly from die-back 
and many of the roots 'showed rotting, apparently unaccompanied 
by fungus or insect attack. This tree had had its roots cxpo.sed 
yearly to check its growth and the roots near the trunk were all scarred 
and injured by the implements used, partial healing having taken place. 
Plate XXXVI, fig. 2, shows another tree in the same line in the last 
stage of die-back with all roots so rotten that few remained to l>e 
photographed. It is exceedingly likely that this was due td the 
waterlogging of this heavy soil. Balls^ records something similar for 
the cotton plant. He states:— 


* Rallu, W. L. ‘‘The Cottun Plant in Egyl't, " 1912, ji. 38. 




Fig. 2. Santra orange tree, at GaneslikKind Garden. Planted in August 1905; 
photographed on 6th December 1919. Plant dead from die>beck. 
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, „ “Lastly we have to consider an abnormal limiting factor of 
root ^wth, namely, deficiency of soil oxygen, nsually due to water- 
logging of the minute interstices which the soil contains. Owing 
to the fact that its anatomical structure does not include an elaborate 
tystem of intercellular air-spaces, such as aquatic plants possess, 
the cotton root is locally asphyxiated in waterlogged soil, and in a 
few weeks even the stout, woody roots are not merely dead but 
decomposed.” 

The indigo plant, as we now know, suffers similarly from the 
destruction of the fine roots in the rains. 

The method of irrigation for the past ten years, at least of these 
trees, had been in basins of 6 feet square. Cultivation had been by 
hand in the basins and an occasional ploughing and harrowing 
between the lines. The distance apart of the trees was 16 feet and 
of the lines was 20 feet. 

From the above examples and various other observations we 
come to the conclusion that the Jamburi stock, universally used for 
oranges in the west of India, is a surface-rooting stock with a fair 
spread of lateral r(X)ts, but few deeply penetrating roots. That the 
deplli of the root system in CitrKs stocks is largely a specific character 
independent of the en^'ironment has been shown in America. A 
specially goofl account of this phenomenon with photographs and 
drawings is given by J. W. Mills^ in comparing the root systems of 
wliat he calls Sweet-oranges, Pomelo and Florida Sour-orange. 
It is impossible without herbarium specimens to correlate these 
with any of our Indian species, but the facts show, for example, that 
the Sweet-orange is shallow rooting in all conditions. If this be so 
with our Jambiiri also, then certain practical points immediately 
need attention. To begin with, it is obviously quite possible to 
grow plants on this stock on a soil of only 3 feet deep, if the soil is 
well drained. Second, cultivation should never be deep once the 
plants have been established, a maximum of 5 or 6 inches being 
jail that is permissible, and less than that desirable. Third, water 
should be given all over the plantation after the fifth year, for 


» Mills, 3 . W. “ Citm Emit CnltWs,” 1002, pp. 10—JO. 
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the roots axe there. It may be desitsble to irrigate diSereixt parts 
of the soil between the trees in successive years to avoid formatUHi 
<rf a pan or to arrange for ventilation of the soil, but the water should 
be distributed ^ over the ground and not localized. Fourth, 
manurial experiments conducted with different manures on adjacent 
lines of trees are worse than useless, as feeding roots from one tree 
enter the next line and any conclusions drawn will be false. 

Guavas. 

The observations on guava roots are of a somewhat difierent 
character. In the year 1916, a piece of very poor ground, having 
from 2 to 20 inches thickness of soil and underlying it a thin laya: of 
murum (disintegrated trap), and then very hard trap, was blasted to 
give pits in which to plant guava trees. It was hoped that the 
shattering of the rock would allow this plant of well-known hardy 
character to penetrate the crevices and so grow. 

Seedling guava trees were planted in these pits in September 
1915. 

The roots of three were exposed in the last week of November 
1919 to see what growth had been made. Plate XXXVII shows a 
typical case. This is plant No. 14. Text-fig. 2 is a drawing showing 
the root of the said plant to its utmost depth. 
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Ibo points ol importanoe ate: pliuits flooiiahed, grew 

and developed ii(»maily. They seemed to suffer a little in the hot 
weather but soon picked up in the rains. As an example of their 
hardihood, we may take their behaviour when their roots were completely 
ejqxMed for the purpose of the present investigation. The roots 
were open for 10 days. The plants completely dropped their leaves and 
appeared to be dead. After 8 days, however, the plants put forth 
new buds and are now (February 1920) in full leaf again. The root 
exposure was in the last week of November 1919. 

Second, careful study of the roots showed that the roots had 
actually penetrated the rock crevices between the shattered slabs 
as we had hoped, and had even made distinct indentations on the 
softer rock. The shattered rock was gradually disintegrating imder 
the influence of soil, water, and roots. 

The average lateral spread of the roots was 7 feet 2 inches and 
these laterals came off about 7 inches below the surface of the soil. 
When the vertically descending rotits met the underlying rock, or 
when laterally growing roots met the impenetrable, undisintegrated, 
unshattered trap, they bent back and went on growing till again 
held up, much like a root in a pot. In the surface soil, however, 
there was free scope for root growth. 

We may, therefore, generalise and say that in soil of 1 foot 
deep guavas may be successfully cultivated if the pits are very 
thoroughly blasted to a depth of 3 feet. The blasting material used 
was gelignite, in varying amounts, with a primer of dynamite. The 
cost was ax pies per cubic foot. 

For tajees planted in such conditions, the following points 
require attentiou:— 

(1) Water must necessarily be easily available and watering 

must be regular and at shorter inten^ls than to plants 
in normal soil, especially when the plants are in bearing ; 
otherwise the slightest shortage of water makes flowers 
and fruits wither. Flantations receivii^ canal water only 
are not advised, as the water supply may be irregular. 

(2) Boot expoeoie for the forcing of flowers is unn»2esaasy« 

rinoe the plants are easily dried 
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(3) Pruning of slioota for fruits is not advisable as shootii 

are short, and there may occur undue cxposiii'e <4 the 
inner parts of the tree by pruning. 

(4) Since ripe fruits do not keep long on tlie trees, there should 

always be a ready market for these fruits. 

(5) With a good supply of wak'r and manure, it is possible to 

get two crops a year as the peri(xl of bearing Ls shorter 
than usual. A plant which has borne flowers in June 
finishes its harvest in November and again lx;ars hi 
January and the harvest finishes in June. 

(G) The actual number of fruits produced per tre(^ lias, 
however, been unsatisfactory, averaging only 25. It 
is probable that special manuring AVill overcome this 
defect. 



“THE AMERICAN BLICHT” OK “THE WOOLLY 
APHIS,” EIUOSOMA {SCIimNEUltA) 
LAMGERA, HAUSMANN. 


BV 

('. S. JirSKA, B.A., 

Flint /l,s‘ inliuit to till', Imix'iial Enlomoliyisl. 

This Apliid is Iviiowii as llie “ Woolly Aphis” or the ‘‘Aiiericaii 
Blight” and is a very serious pesl of the apple. It is known in all the 
a})ple-growing trae.ls of t hewoi ld and a considerable amount of work 
has been done on it in Jhigland, America, Australia, New Zealand 
and iSoufh Africa. The insc'ct is American in origin and was fir.st 
introduced into England in 1787 and lias ever since been on the 
increase. It was first noticed in India by the late Mr. Atkinson in 
1881) when he wrote that the W'oolK' Aphis “had destroyed nearly 
every orchard in Coonoor.” Ever since that time fresh localities 
seem to have become affected and are likely to iK'come.so if no pre¬ 
cautions are takim now to circumvent the lavagi's of the womt pest 
of the apple. It must be borne in mind that if the pest once liecoines 
well established in a localitv or localities it is not easv to eradicate it. 
It has existed tn a most alarming extimt all through Kumaon, as the 
following extract fi’om a letter of Lt.-Col. Molesworth, Proprietor of 

the Bensar Estate, Almora District, April 1910, will show:—“_ 

There is no doubt that very vigorous measui-es are necessary or the 
days of apple culture at least are numbered in this district. At 
Almora itlm existed for many years; The gradual dewStruction of all 
ffuit trees is very evident. It not only affects the well-grown 
trees, but is abnost invariably found on young saplings and trees 
before they begin to liear. Hence the trees are diseased from the 
very beginning, and can never be expected to flourish. It attacks 

( ) 
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the roots as well as the branches and is the most d^taructive form of 
plant disease that can possibly attack trees. Young orchards that 
Dxay be started in Kuniaon cannot pcesibly flourish until we know 
hpw to stamp out the American Blight. It has been stamped out in 
Italy, and until similar measures arc taken here, it is perfectly 
useless to tr}' and start a fruit industry.” 

I can personally liear testimony to the above. In 1917, when I 
was on privilege leave, I had occa.sions to examine tlie apple oithai'ds 
in the Almora District and there it was impossible U) And a tree 
that was free from tlu^ pest. The pc-oidt' generally used to bring 
branches for my examinatioti, but it was useless !o suggest remedial 
measures for a pest that was piesent underground on the mots of 
almost all the apple trees in the locality. The pe(»ple could never 
Ijc induced to l)elievc that the cause of the death of their apple 
trees was an insect tlmt was prt'sent. on the roots of trcH^s under¬ 
ground. That the peat is bad in theviemity of Smila is evident 
from an extract of a letter from Lt.-t.'ol. Bernard Scott, dated the 

I2th October, 1910 “.Wo have here (Kodiali Estate, 

Di.strict Simla) about 1,000 young fruit trees, mostly apples, laiiging 
from 2 to 7 years. Liist year some of the apples we^(^ attacked 
by a disease which we take to be Woolly x\phis, introduccil w(^ think 
with a consignment of young trees from England. The varieties of 
apple we grow are: Devonshire Quarrenden (badly attaeked), 
\\orce.ster Beanuiiin (badly attacked), King,of the Pi])pins (very 
.slightly attacked), Stumer Pippin (very slightly attarhed). Lady 
Ludeley, Allan’s Everlasting and Cox’s Orange Pip])in (free). Those 
trees which aie attacked swell at the diseased j)oints into knotty 
lumps, mostly netir the collar, the wountls after healing generally 

throwing out short aerial roots.” 

Ijast year during OctolKjr, Major H. R. Wigram, Secretary, 
Kashmii' State Game Preservation Department, wrote:—" I am 
sending you some apple twigs (Plate XXXVIII) attacked by a white, 
frothy parasite named by Mon. Pechaad as the ‘ Woolly Aphis.’ It. 
was imported from China some years ago and is now becoming a perfect 
pest in Kashmir. The only way to save a garden is to cut out and 
bum every tree that is attacked. This course has been adopted and 
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tjiousands of trees in the garden o! the Maharaja, as well as the 
’state gardens, have been destroyed. I cannot believe that there is 
no cure, and as I am most unwilling to sacrifice valuable trees, I am 
writing to you for advice. If it means death to the trees, it is, I 
consider, a very serious matter as the disease may spretid throughout 
India, with disastrous results. It only attacks apple trees as far as 
we can see, and only some kinds.” 

A month after, further specimens were received from the Forest 
Hanger, Sikkim State, Gangtok, from the apple orchard' at Lachung 
(Sikkim). The stems of stocks (Plate XXXIX, fig. 1) as well as the 
stems of grafted trees were very badly attacked by the Woolly Aphis, 
and it was doubtful if the trees could survive long the attack of the pest. 
The roots of trees M'cre malformed into hard convoluted enlaigements 
.uid could scarcely Ixi expected to perform their- normal function. The 
was found t(j be the case with specimens received from Kulu in 
tlie Punjab (Plate XXXTX, fig. 2). 

The Woolly Aphis is widely distribiiled. and is pre,sent in England, 
France, Belgium, Gcriiumy, Italy, Trunscauciisia, the United States of 
Atnerica, Mexico, Chile, Canada, South .Ifrica, the Transvaal, 
Australia, New Zealand, Tasmania, Chijia, Japan and India. It is 
known as the ’‘American Blight.’’ the “woolly blight,” the “woolly 
plantlouse,” the “woolly ap])lc lonsi*,” the "apple blight,” the 
“woolly louse,” the “apple tree loot -louse,” the “woolly louse of 
tlte apple” and the “ blood-louse.” In France it is generally called 
“ Puceron lanigere,” and in Gcrin.uiy is known sis ” Bluttlaus.” 
In India it is bad in the llimalciysis, especially Kumaon and the 
Nilgiris, It is kirowii to occur at the following places*;-- 

Jalna 

KaU 

Muktesar 

Ranikhet Kmnaon, U. 1*. 

Chaubattia 
' Binsar estate 

•Noted fi-oui reuords availablo ia the Eiitimidlo^’icul SiUkhi, Agrioultuial Kescardi 
luititate. ru&a. 
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Bandrole, Kulu, Punjab. 

Kodiali estate, Simla, Punjab. 

Bangalore 
Coonoor 
Outacamund 
Taung-gyi, Southern Shan States, Burma. 

Lachung, Grangtok, Silckira. 

The Woolly Aphis is not only destructive to young stock, hut old 
trees do not escape from it. The young as well as the adults suck 
out the sap constantly and thus lessen the vitality of the tree. They 
puncture the young wood and cause abnormal gi-owths of soft 
tiasucs which form rounded swellings which split later on and form 
rugose deformities so characteristic of the presence of the Woolly 
Aphis (Plate XL). Such defomiities are sometimes mistaken fort lie 
canker. They also damage tlie rwts and form gall-like swellings 
which do not split. TJic etfect of the ])resencc of the A])his on the 
stems as well as the roofs is that the plant is unable to wilJistand 
the drain and dies prenial urely. Those that survive Ix'comc stunted 
in growth and pro<Iuce only scanty and poor finality of fruit. In 
some places it has been pi'oved that an attack of the Woolly A])his 
predisposes the plant to the attacks of the. canker. 

There are two forms of fhe.\j)hid, the one attacking the roots, 
detected by the knotty appearance of t h<! infested roots (Plate XXXIX, 
fig. 2), and the other atfateking the limbs and the trunk. The aerial 
form is very prominent and is fletected easily by the presence of whitish 
flocculent patches on the stems (Plat e XLl.) 

The subterranean form is not so cjisy to detect unless the roots 
are opened out and examined. But generally the presem^ of the 

aerial form on the branches is an index of the presence of the 

underground form on the roots of the plant. 

The Woolly Aphis Wfis known to attack the apple only, but now 
it has been proved conclusively in America^ that the elm is the 

primary host of the species. If, therefore, there are any ehns in the 

•Baker, A. C. “The VVeolly Hc.pl. No. 101, V.H. Dept, oj Agri. Hufeau of 

BtUomolofpgf 1915. 


South India. 



PLATE 



^FFECTED APPLE BRANCHES FROM LACHUNG .GANGTOK SlKKIM^ (originaP. 





PLATE XLl 



WOOLLY APHIS ON BRANCH OF YOUNG APPLE. 

After Washburn. 
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, immediate neiglibourhood of apple orchards, a sharp look-out should 
be kept., and if any patches of floeculent whitish stuff are found on 
tlu'in, they should be treated promptly and simultaneously with 
those (jn the appL. Considerable work has already been done in 
Aiui‘ii< a and elsewhere and it is presumed that the details of 
life-history, eb;., thougli th(!y have not been worked out in detail 
here, will stand good in the case of this country also with certain 
modifications, though it has been found in France that the 
Ajdiid has altered its habits since its importation about 100 years 
ago. 

Those who wish to know the life-history in dehiil should consult 
the latest works^ t)n the pest , and I think the readers of the Journal 
will greatly benefit themselves if they were to read what has been 
etf(!i;ted in Australia and South Africa with the introduction of 
blightrj-esistant st ocks. 

T’here is no doubt that the post was intrc«lueed into this country 
on stocks imported from abroad and this points to the danger of 
importing variet ies of fruit trees and flowers without projKjr examination 
and treatment at the port of disembarkation. The passing of the 
1 kistructive Insects and Pests Act of 1914 precludes the possibilities 
of such introductions now, but there is no ineasiu^ by which 
seedlings or grafts from affected localities could be prevented from 
entering into localities wliich have hitherto remained immune, 
with demobilization and the end of the last great \var, many 
people in North India arc actively thinking of taking to fruit 
culture in the Hinuihiyus, csjjecially in Kulu and Kumaon, and 
such })tople should desist from obtaining then- stex-ks or grafts from 
affected localities or else they will be put to considerable expense and 
loss in com.’se of time. 


^ .Mari'hal, P. *■ Lu cyclo uvoliitit <lu Pucitoh lanigorc du Pomniier Erio. lauigcium.” 
llaw. G. Ji, hebdom. Acid. Scl., Parix, CLXJX, Nn. 5, 4th Aug.-ltUU, j)p. 2ll>21(i. PfV. App. 
£nto., VJI, A, 10, p. 4;i2, tXt. 1910. 

ilakor, A. C. "TIA \Soolly Aphis.” Pcpl. A'o. 101, V, S'. JH'pl, Agri, Bureau of 
Bnlomohgy, 1015. 

Theobald, F. V. “luscct Pests of Fruit,” pp. 141-153,1900. 

Monthly Bull. Oal. Btaie Commiu. Uorlk. Sacramento, Vol. VI, Nos. 11-12, N»v. 
and Deo. 1917. 
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My main object in writing this short note has been to draw the 
attention of such would-be fruit-growers and they would do well to 
follow the brief recommendations made hereiu. For more detailed 
informtion they should consult the latest work done on the pest in 
England, America, Australia and South Afiica. Of the two forms 
of the Aphid, that which lives on the roots of apple trees is the most 
difficult to deal with, but with experiment and observation the 
mvages of the subterranean form have been considerably lessened or 
altogether eliminated by grafting the selected but susceptible 
varieties on such resistant varieties of apple as the Majetin and the 
Northern Spy. The usual method in South Africa is first to graft a 
slip of resistant branch on to a resistant root and later to graft 
on this stock the particular variety of apple desired to propagate. 
To further the work of the establishment and selection of resistant 
stocks, observations from a number of places and on a number of 
varieties are required, and if the readers of this Journal will keep 
a record of their observations, as was done by Lt.-Col. Bernard 
Scott {vide liis letter quoted above), considerable information will 
accmnulate which will be of great use to prospective apple-growers in 
different parts of the country. They should particularly avoid 
planting affecjted stock which should be obtained from reliable 
nurserymen only. If, however, there are any doubts, the roots of 
plants should be opened and examined. If they are twisted, 
malformed or swollen, there is every reason to suspect that they are 
affected and as such should be condemned and burned. If, however, 
the affection is slight they should be thoroughly treated with kerosine 
emulsion or hot water before being planted out permanently in the 
orchard. Old and badly infested trees should be completely dug out 
and burned, and the space utilised for other crops for a series of 
years. If this is not done soon, there is every possibility of other 
trees becoming affected, and the whole orchard becoming, in courae 
of time, a hotbed for the propagation of the pest and a source of 
danger to the adjoining apple orchards. 

The aerial form is easily detected by the presence of bluish-white 
flocqulent patches on the stems as seen in Plate XU. This form 
can be easily controlled by spraying the infested trees with any of 
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i;he contact insecticides, crude oil emulsion, kerosine emulsion, or 
fishoil resin soap. The flocculent bluish-white secretion which 
covem the bodies of nymphs, as well as the adults, is secreted from 
wax pores* intersperseel on the Ixxly of the Aphid and possildy acts 
as a good insulator against inclemencies of weather and the dampness 
of the earth, especially in the case of the underground htrms 
(Plate XLII). In order that ttie contact spray-fluid sliould couk* in 
immediate contact with the bodies of the Woolly Apliis, it is neeessjiry 
that the spraying should be done persistently and with a foi*ce-pump 
|)i-(jvided with an air-chambei-. so as to remove the bloom surrounding 
the bodies of the Ajdiid. To do this satisfactorily, an extra ([uantity 
of sprav fluid should be used, and at. frequent intervals, until no trace 
of the pest is left on the trees. The extra expenditure thus incurred 
will be more than counterbalanced by the good results obtained 
later on. 

The use of tobacco has had a marked succiess in dealing with 
thi.s serious pest. The tobacco destroys the Aphids by leacliing 
through the soil and acts as a bar for a year or so to Teinfestation. 
The du.st is a waste product of tobacco factories and possesses the 
additional value of beiiig fully worth its cost as a fertilizer.^ In 
one of t he latest works on the pest it is stated ®:—“ It was found 
that Black leaf 40, 1 part, to 1,000 parts of water, ponied into the 
soil around the roots practically freed the trees from the root- 
infesting form. The experiment was then tried of planting a plot with 
tobacco, the refuse from this growth lieing chopped up and placed in 
trenches around the fruit trees. 5 lb. being used for each tree. This 
was first applied in Novemlier and the rest towards the end of 
Febmary; the second application seemed to be the mo.st .successful 
and an orchard badly attacked by Eriosoma Imiif/rnmi is now 
entirely free from infestation.Though this treatment of 


♦ Kpeoimpiis tronlt'd witli ainmnnia-ferric-sulplmtc. staiiiod witli JlalalioM's hji'iiiatoxylin, 
countaratainpd M'itJi eoain in absolute alpohol, cleared in ccdarwooil oil and mounted in 
2tylol Balsam. 

1 Circithr No. 80, Revised edition, U. S. Dept. Agri. Bur. Entom., June 1908. 

• “ Rept. of County Hort. Coinmias.” Monthly BuU. Cal. Slate Oomminn. Horlie. 
Sacranumto, Vol. VI, Nos. 11 and 12, pp, 415-182, Nov. and Deo, 1917. . Rev. of AppUed 
StOon., Vol. VI,>, 3, K>. 797-98, March 1918. 
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root-infostiiig forms of Apliids is still in llio cxpc'riniontal slape, 
it is ronsidcred worthy of rocommondalion to jfiowers.” 

If those preventive and remedial measures an' ado])led. it is hojx'd 
that the ravages of tla* ])est will he minimized and circumscrihcd 
considerahh'. It will no longer lay a la'avv toll on the yeaih' ])roduee, 
and the main impediment to tlu' extension of the budding a])ple 
industry in the Nortia'rn Himalayas will lx* removed completely. 
With the extendf'd us(' of blight-ii'sistant sloehs. the dreaded 
pest will be brought within such control that, what Mr. I'lciich, the 
{government Ihitomologist of Nh'toi'ia. wr<ite in IttOl will Imlil good 
nuae or less in this country also. He saitH; ■' l»elor(' the ad\('nt ol 
the.se exc<'llent Idiglit resisting stocks, the iMajetin and the Northern 
8])}’, it was exc('e<lingly dillieidl to find in iihsI oichards an a])pl(' 
tree, that was clean or in ^lerh'ct health. Now. with a little eaic 
and attention, the fruit grower, as a ruh'. may snaji hi.-^ fingers at the 
American-blight.“ 


[Vote, ho tlie list of localities given by Mr. Misi'a as infected 
with this Aj)hid, may be adiled Shillong and I’amgarh (Kiimaon 
District). Proliablv ail a]iple-gi<)\\ ing (list r iets in Imlia and Ibirma 
have be(‘n infected by tm'ans of the impoit.it ion of disea.si d stuck. 
As rt'gards control. (1) in the c.isi' of newly imjiorted stock, whether 
received from anvwlu'rc' in or outside' ol India, it should bi' 
examined v(‘.rv eareftdlv on lecc'ipt and beloic' planting and. if there 
is the h'Jtst sign of infection, the plants should be wipc'd ovi'i' with 
an itisecticide such as jm'thylated spirits (used succe.sstullv in the 
flovernment .Krtiit (Janh'ii at Shillong); if the trees are badly 
infected, the liest thing to do is to burn them forthwith. ('J) In the 
case of orchards which are already iid'ected, »'very ('iidea’Vour 
.should be made to keej) the pe.st -witliin control, by attacking it 
immediaU'ly it is seen and not. allowing it to sprt'ad. If trees 
appear sickly without obvious caus(', tin' pix'sence of this Aphi/1 
maybe suspected and the roots shoidd b(^ o])en('d u]) and, if the 


* Froncli, C. “Dcstrui'.Uvi! Inserts of V’intorja,” Vol. I, p. 37, 1004. 
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Aphid is present, treated with a contact inseclicide, and a good 
qiiantil-y of waste toljacco ho ])laced around tlie roots. Tlie aerial 
forins, living on the trunk and branches of the tn-es, should be 
ti-('ated with a contact spray or wash, thorough treatnieiit being 
essential. S])ecial endeavours should be made to check this pest at 
the time when the winged adults a])pear, in order to prevent these 
from spreading infection throughoid the orchard. At EamgarJi I 
noticed tlie wing(‘d adults present a])out the tliird week of August 
1!MK and prol)ab|y this date vill hold good. a])pr(t.\imately at least, 
throughout tlu' Jfimalayan Jiegion.- T. BAi.N'naiGCE Fletchei!, 
Imperial FntomologisI.] 



A PKKJ.LAflNAKY NOTE ON THE KFFKCT OF 
VVATKRIXOS ON THE AMOUNT OF ACIDS 
SECRETED BY THE OEAMIMANT 
(C/CF/? AJilETiyrM)* 


BY 


I). 1. SAII\SHA?>ri)i)]nv L.Ac.. li.Sc., 

Assis((H/f Puift ssfn'of C/tcutislT'f^ AffTK'nIhO'il^ Culh'ifc. Vaanft. 


I.N'TRODrCTonV. 

It has l(m<» hocn known that tho oiain plant secn'tcs aiifl 
deposits an acid lir|uid all over its siirl'an*. 'I'his pcoiliav acid 
secretion was stndi(>d in some of its aspects hy me s<ini(‘ years aeo 
and the results of that stndv wer(‘pnhlished in IliiJlclin No. 4.1 tij the 
A fir ir 111 In nil Efmnrh hiMitnlr, Push, in ]!n4. The following 
conclusions were arrived at; - 

(1) The whole jiram plant is covered with two kinds of hairs— 

simple and glandular. 'I'lie glandular hairs with knobs 
are found in large j)roportion on the ovaries and the 
pods and the amount of acid [mxluced by tla^ ]>arls 
covered witli ghmdular hairs is fai' greater than the 
amount produced l)y the otlici' ])arts of tlie plant.- 

(2) When the j)lant, is two weeks old. it. is covered with the 

acid liquid e<(uiva1ent to a})out (t'3G gramme of 
caustic potash per Inmdred gramnu'S of dry matter of 
the plant and the acidity g(K*s on incn'asing uj) to 3 or 
even 3'.1 grainnies of caustic potash when the ]»ods are 
well developed but decreases when th,e plants 'j('gin to 
ripen. 

‘rai)er read at the iiorenth Indian Science OongresB, Nagpur, 1920. 

( 63G ) 
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(3) The acitls in the liquid consist of malic acid 90 to 96 

])cr cent., oxalic acid 4 to 9 per cent,, and volatile acids 
O'l <(» O-.a ]ier cent. 

(4) The plant is continually producing acid and ii the 

plant is washed with water the usual acidity is 
recovered in about a week. 

(5) Lastly, about 2,000 grammes of malic acid could be collected 

from one acre of gram crop. 

It was subsequently proposed to find out the elfoct of waterings 
and manures on the quantity of acid produced, and the following 
are the results arrived at from the pot experiments carried out at 
PcKiiia. 


The effect of waterings. 

The (*x]teriments were can'ied out in glazed pots bnried in the 
ground, the surface area of the soil in ]:ots being TSO square feet. 
Soil sufficient to till all the necessary pots was collected together and 
|)ro])<'rlv mixed in onh'r to make it uniform for the pots. TJie pots 
w('r(' tilU'd with the niixcd soil with a gentle jiessuie and watricd 
with one gallon <if wat(‘i' );er ])ot. The seed was sown when the 
moistui'c condition of the soil was favoi:rable for sowing.* Tlie seed 
was carefnlly seh'cte'd to keep uniformity. There weje in all 18 pots 
us(Hi. They were in six lows of thive })ots each and in each pot three 
scchIs w('re sown on 2.‘>rd October, 1914. The seeds germinated on 
the 2nd of November and the waterings were started from that date, 
each wat(*ring being equal to ],(MI0 c. c. of water.'}’ 

The |»ots in the first row weie watered every day, in the second 
row twice a wi'ek, in the third row once in a week, in the fourth row 
oiu'e in two weeks, in the tifth row once in four weeks, and in the sixth 
row the [lots were never watered after the seed was sown. Out of 
three [ilants in each [lot the weakest was removed and onl}- two 
plants w(‘re kejh so t hat for each (‘xperiment there were six plants 
availabh', Th(‘ acidit}’ was determined by pulling out the plants, 

• 22 (HT col.t. moi.st lire, 
t About. ^ inch of loiafalL 
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washing them completely with distilled water and titrating against 
717 caustic potash. The dry matter of the plant was also determine 
and the acidity expressed in terms of grammes of caustic potash. 
The acidity was determined when the pods were fully formed. It 
was proved in the Pusa Bulletin No. 45 that the highest amount of the 
acids was secreted when the pods were fully formed and hence the 
results of the determinations at this stage are important. 

It might with advantage be mentioned here that the first 
row of pots received 64 waterings from the time of germination to the 
time when the pods were fully formed; the seeemd row receivetl 22 
waterings, the third 10 waterings, the fourth 5 waterings, the fifth 
3 and the sixth no watering after germination of the seed. The 
plants in the first row took longer to develop fully the pods. All the 
other plants had their pods fully develojied between the -Sth and 
the 15th of January, 1915, while the plants in the first row came to 
the same stage on the 12th of February. The following table 
gives the dry matter per plant and acidity per 100 grammes of dry 
matter in grammes of caustic pota.sh. 


Table I. 

Dry ynatter and aeddity at the time when the pods oti, the plants are 

jtdly developed. 


Acidity jx-.r 1(K> 
granimcK ii( dry 
matter in graninips 
of cauHtic (lotuMli 


1. Wat-fred every day, (>4 wateriiigH 

2. Watered twice a week, 22 wat<!riiigs 

3. Watered once a week, 10 waterings 

4. Watered once in two weeks, r> waterings 

6. Watered once in four weeks. .1 waterings 
6. Not watered ' ,. 


The first column shows that except in No. 5 there is increase in 
weight of dry matter as the number of waterings increases. In the 
first four rows of pots there is an increase of 0’38 gramme of dry 
matter per watering of 1 000 c.c. The figures m the second column 
show that the acidity per 100 grammes of dry matter decreases as the 
.watOTngs are increased in number. One peculiarity is that as the 


29(1 

14-8 

9'6 

i-r, 

10-2 

i-r> 


0-93 

1-80 

•i-se 

1- 98 

2 - 1 .'-. 
2-52 


Dry matter j)er 
plant grammes | 
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number of waterings increases the fall in acidity becomes smaller, 
•the fall in acidity per cent, as seen between the plants that received 
3 waterings and the plants that received 5 waterings is 0’085 gramme 
of caustic potash per watering of 1,000 c.c., while the fall between the 
plants that received 5 waterings and the plants that received 10 
waterings is 0‘024 gramme of caustic potash and so on, as will be 
clearly seen from the following table:— 

Table II. 

FaU, in acidily per 100 grammes oj dry matter jor every ivatering oj 

1,000 c.c. 


I’lants 


Fall in acidity iier cent, in 
grammes ot caiistie 
potaali 


Between jilants receiving 

22 and 

64 waterings 


O-OKi 


10 „ 

23 „ 


0-022 


»» 

10 


0-024 

»* »» ♦* 

3 

*> 


0-0S.-> 


Although the percentage of acidity decreases with the increase 
in the numlxjr of waterings, the actual quantity of acid secreted 
by each plant increases, as will l)e seen from the figures given 
below:— 


Table III. 

Total acids per plant. 


' Average total avid.<> per 

Plants plant in grammes of 

caustic ])ota8i) 


Watered (14 times 
9‘i 


10 

o .. 


Not watered 


0-27 

(>■24 

0-18 

015 

0-22 

Oil 


. We might, therefore, conclude that when the number of water¬ 
ings is increased,‘the dry matter per plant and total acidity per 
plant are increased, while the percentage of acidity on d^ matter 
is decreased. 













MALFORMATION OF THF CX.)TTON PLAxNT 

LEAJ)L\G TO SrEIilLITY. 


JlV 

f!. h. KOTri:i{, n.Ad., 


A XI) 

M. L. PATEL, B.Ao., 

Of tlw De/Mrlin'ii' of Ajrici.tllwr, Ihmhuj. 


Lv al no3t all pirts of W.s!‘ni Iiilii, with tha exception of 
tho32 groA'ing Am?ric.in type's of cotton, th’ro app3:u’ occa^iimal 
malfoi'iu;! cotton pUnts or puts of plant)! which either pro.liice no 
flo.vers or h )!h, or pral'C’.' a fjw snill l))lls only giving light see:l 
with low ginning p “roentage. The alfiction is so generally distrilaitcil 
ani leads to such an apprecial>le annual loss that a closi* study of its 
nature anl cluraater has hejotn.i essential. So far we can only descril)e 
the affection: its (^ause remains obscure. No'parasite, t'ither of 
animal or vegetalale origin, ha.s been noticed, and no means liavi' bi'cn 
discovered for anticipating and checicing its development. 

Ihe appearance of a malformed plant is very chanietcyistic-. 
Rither the whole of the branches of a plant or cerbiin among them 
only show three characteristic changes, generally commemnng when 
the plants are two to three months old. These changes are as follows. 
The leaves become stnillei' and mom cleanly cut, and do not ])oss(>ss 
the usual sinuses, and heiic-e appear crowded together on the stem oi' 
the branches. The colour is also abnormal, the leaves being darlv 
green at first, grain illy changing to reddish and pinkish yellow as 
the sta';3 of affection advances. And, again, the plants or branches 
/ftfiected usually die without producing any seed, though occasionally 

( 640 ) 
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a few normal flowers are produced ^ving seed. Usually, however, 
though the cup-shaped calyx of the flower appears, the flower-bud 
does not develop and remains in a rudimentary condition. 

.is we have already stated, the whole plant may be affected, 
with most of the leaves pinkish yellow, bearing no flowers and bolls. 
Often, however, only one or more branches are affected, and the 
remaining portion develops normally. The malformed branches 
may produce small bolls, though most of them dr}’^ up rapidly and the 
few which succeed are often imperfect in opening and give 
pj-oduce of low ginning percentage and light seed. A third type of 
diseased plant is often noticed, where the whole appears healthy, 
ex('ej)t that at the base there is a clump of short branches having the 
null former! diminutive leaves. 

The appearance of plants affected with the disease in question 
is very ciiaracteristi(“. Plate XLIII shows a branch and leaves of such 
a plant, side by side ivifh a nonnal cotton branch of the same variety, 
ai ^ when (as has sometimes happened) more than eight per cent, of 
the plants in a plot are affected the matter liecomes of very serious 
importance. • 

Among the various types of cotton, it may be stated at once that 
the disease has never been not ice. 1 among American qr Egypt ian 
varieties. Among indigenous Indian cottons, the herhacemn cottons 
(Broach, (foghari, Kumpta, etc.) are by far the worst affected, but the 
other types {negkctuni and dflmijolkm) also show the affection 
though to a limited extent. Among the herhaceum cottons, Surtee- 
Broach and Goghari are more affected than Wagad. In the former a 
large ^proportion as 17 or even 19 per cent. has been noticed. In 1915, 
at Dharwar, carefri examinations were made and it was found that 19 
per cent, of Goghari plants were affected, and 15 per cent, of Broach, 
while only two per cent, of Kumpta showed the characteristic 
malformation. Tliis was a very bad year, however, and in the 
last season (1919-20) not more than O'l per cent, of the Kumpta 
plants were affected by the disease. 

The malformation is also affected by season, though exactly in 
v^at way is not quite clear. In general, it may be said that a light 
rai|i)iall, with lon^ Lieaks between the rain, seems to favour its 
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development. The fut*ov\'uig table for sevemi .-reasons at the Surat, 
Fann shows the eheei < ■;. season, auu also tiie ex<«iit oi differeritf 
between diJIereut pi »t.-. in the s^ane year. 



£*JCrtCKNTA<»B OF 
; AVrll^TEL' PLANTS 


Vciir 

H igitest 

1,0'vest 

Sdhsoiui* tV'iiiail 

1911-15 

i 

15 i 

!0 

Hcpvy rainf with wli^ht brt'aks. 

I915-Ui 

HV) 

ri 

A (Irouifht year, .short of n-.n/nii ft ' ,i 

lonjf brfakK, with lato 

19Ui-17 

7-0 

10 

A heavN ruiafall year. Tin* scasoj \*iih 

falli with OIK* lorm break of 3 ^ .. 

1917-1S 

i 1-li 

nil 

A very lieavv raiiilull year. 

I91K-I9 

1-2 

20 

A druugbt year, Hloriny heavy lall in iht* beginiiiii;!. 


i followed by lijrlit f s. li e raiii'* j-bO'-oii*; very early. 

Among other observations at Surat,, as 'o t he couditions affecting 
the disease, it may be remarked that where cotton seed is dibbled 
bofore the rain comes, the resnltitig plant.'-' soein more . ifected tluiu 
those sown immediately after the rains break, and that late-sown 
cottons seem to be least affected. 

There is no evidence that the iivalfurination is hereditary. The 
seeds obtained from the healthy branches m malformed plants, or 
even the few seeds from the malformed branches themselves were 
sown, but the affection did not appear at all either in the first or 
second generation of self-fertilized fioweis at Dharwar. At Surat, 
where larger tests were made, there was an imperceptible difference 
in the attack of the disease when seed from healthy or malformed 
plants Were taken. Where selection has gone on for fifteen years in 
cotton, the seed of affected plants being rejected each year, there is 
a very slight reduction in the proportion of attack at Surat. 

At Surat, in plots very highly manured with night soil, the affec¬ 
tion has been less than on the rest of the farm. It has, on the other 
hand, been greater in cotton grown without rotation, than when other 
crops like joioar {Andropogon Sorghum) are taken in the alternate 
years. In rotated cotton, apparently cotton coming . after til 
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{Sznwi'n iniimm), tur {G%j'inm iniicus) or groundnut, is more 
affoctei than when it comes after jjwar {Andropogon Sorghum). 
Again, land ploughed thoroughly with an iron plough contamed 
more affected plants than land which had not been ploughed, and 
again Imd of a slightly saltish character or where brackish irrigation 
water has been used seems to produce a larger proportion of affected 
plants. This is in accordance with observations elsewhere. Finally, 
ratoon plants, that is to say plants allowed to grow up again after 
cutting down the cotton stalks, give a considerably greater propor¬ 
tion of milformation than the original crop. 

The plants show, as already stated, no sign of an animal or 
vegetable parasite. This has been the result of examinations made 
ill Pusa (1910-17) and in Poona on several occasions. 

The malformation seems to be connected with a change in the 
root dcvelopmsnt, which Is illustrated in the attached figures. When 
the affected plants are uprooted, the main tap root in totally mal- 
fomied plants seems to have abruptly ended giving a number of 
secondary roots (Plate XLV, fig. 1 A and B). In partially affected 
plants the root system seems very much wetiker and less extensive 
than is normally the case (Plate XLV, fig. 1 C and D). When, however, 
the affection only results in a malformed bunch of leaves at the base, or 
when only the secondary growth from the stubbles is malformed, then 
the root system is normal (Plate XLV, fig. 2). On the whole a 
di3ea.sed plant seems much more easily uprooted than a healthy one. 

At present it is quite impossible to suggest a cause for this 
disease or a method of treatment. The fact that non-rotated cotton 
is highly affected ^nd that saltish land seems to induce the d sease, 
may, ’ perhaps, give the clue to a method of prevention. But further 
investigation is needed and is going on, and the pr^nt note is only 
published to draw the attention of workers on cotton to the disease, 
and to induce further observations on what is undoubtedly a very 
important hindranc.e to cotton growing at least in Gujarat and the 
Bombay Karnatak. 



THE CHEMICAL AND BIOLOGICAL ASPECT OF 
BIIATA SOIL OF CHANDKHURI EXPERI¬ 
MENTAL FARM, CENTRAL 
PROVINCES.* 


BY 

A. K. PADMANABHA AIYER, B.A., 
Offq. Acji'icvliural Chemist, Central Provinces; 


.\N]i 


\). V. BAL, L.Ao., 

liaderiokxjixd Assistant, Dejtarlnisnl oj A'/rictiltiiic, Ct nf.nd I’rovinces. 


lNTROI)U(7riON. 

In the Central Provinces there are large areas of lateritic soil 
called hhala, most of wliieli is lying waste at present and is considered 
to ]je too poor for general cultivation. Experiments conducted at 
Chandkhuri Farm show that tlie cultivation of various oicps is 
economically possible on such soil, the details of which were given in a 
paper ^ read at the Indian Science Congress at Lahore in 1918, by 
Messrs. Clouston and Aiyer. 

It was brought to the notice of the Agricultural Chemist that 
sann-hemp was not making satisfactory growth in this class of soil 
at Chandkhuri Farm, which is situated in Chattisgarh, Central 
Provmc^, about 16 miles from Raipur. Samples of soil were, there¬ 
fore, taken to Nagpur where pot culture experiments and other 
investigations were undertaken. 

• Paper road at the Seventh Indian Science Congreu, Nagpur, J920. 

* TAe Agrtc^Uural Jmrnal of India, Special Indian Science Congrese Number* 1018. 
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, Rxpkrimental. 

Physical and chemical analyses of the soil were first turned out 
and the fizures obtained are tabulated below. Tt raav be mentioned 
here that there is no uniformity in the methods adopted for the 
it\ti;rpretation of the results of analy.ses. The folloAving are some 
of the methods commonly used:— 

(1) The analytical figures are expressed as percentages on 

ah <lry fine soil below J mm. 

(2) The results are sometimes expro.H.sed as percentages on 

‘ the original air dry soil. 

(3) Propoidions of the various higredienf<s are expinssed 

as lb. per acre up to a depth of either 8’9 or 12 inches 
depending upon the nature and depth of soil. 

Of the methods mentioned above, Xo. 1 is commonly used 
in most of the agricultural laboratories. Figures expressed according 
to this method would be comparable only when the different 
soils under comparison contain a small proportion of stones and 
gravel. But as the bhata soil contains an unusually high proportion of 
stones and gravel, such a representation might he. quite misleading. 
The analytical figures are, therefore, represented as precentages on 
the original soil and as lb. per acre. The figures of black cotton soil 
are also given for comparison. 

Table I. 

Slowinj the physical and chemical analyses of bhata mid Uackcottm 

soils. 


Stouos and gravel 
Coarae sand 
Fine sand 
Silt 

F na silt 

Clay 

Moisture 

Loss un ignition 

Calcium carbonate 


% on or guinl so 1 


Bhata soil 

Black cotton soil 

6900 

lO-OO 

9f.3 

9-17 

5-21 

6 68 

6-02 

11 29 

3-g4 

17-67 

3-71 

38-27 

0-70 

3-00 

1-77 

• 2-72 

0-08 

1-44 
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on oncioal s»>il 


Hhata soil 

Hiack C'ittuu Hojl 

Nitrogen .. .. .. 

0-024 

0-0.10 

Total phoftphorie ncici 

1 0-011* 

o-uo 

Available do. 

1 traecK 

' 0-008 

Total potash 

0-204 

O-770 

Available potash 

0-OiW 

0-041 

Clalchim carbonate 

0-''«0 

1-440 

tirganic carbon 

0103 

0-2‘.0 


Tablk II. 

« 

Skno 'n j the chemicaJ composition in terms of lb. jjeraore up to a depth 

oj 8 inches. 


BlucU cotton soil 


Nitrogen 

Total pho.sphoric acid 

048-2 

1007-7 

.-.13-2 

0580’U 

Available do. 

traces 

•292-7 

Total ]K)ta»h 

7I20-!* 

28284-0 

Available pota.sli 

13.'>0-4 

l.^tlO-2 

Calcium carbonate 

2160-0 

52090-2 

Weight of a cubie loot f>f soil up to a depth of 

8 inches 

02 

84 

Weight of soil jier acre to a <te|itb of 8 iiiches 

27.00,720 

1 

30,51*,040 


From tbe loregttiitg figures ttf analyses it will be seen that this 
soil contains a very low yiroportion of fine material, in fact, only 
about 7'5 per cent. Within the range of action of a plant’s roots 
there is a deficiency in phosphoric acid and lime. 


filXPERIMKNTS ON LEGUMINOUS CROPS. 

« • 

Since sann-hemp was not making satisfactory growth on, this 
soil various other legumes were also tried in pots containing hhaita 
soil. For comparison, iiols of black cotton soil from Nagpur 
Fann \vnth the same legumes were grown alongside, as this class of 
plants is known to make gixid growth in black cotton soil. 

It was found in every case that the plants in black cotton S# 
made a much lietter growth than those in hhata, inspite of t3i», 
that the latter is a more open soil. For the relative growth of dhimldha 
{Sesbania aculeata) and sann-hemp see Plate XIjVI, fig. 1, and 
Plate XX/FIIt fig/1. 

■:/' t'"-' ‘ . 












PLATE XLVIIL 
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Blacit soil. 


Bliata soil. 

Fig. 3. Groundnut. 
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Control Super Super and Lime Basic Slag. 

Fig. 3. 

SANN-HEMP IN BHATA SOIL 
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^. [ii order to find out whether there wus any relationship Ijetweeu 
'the j)l;mt growth and root (l:jvelopni'nit, the latter was first studied. 
• From Plate XLVT, fig. 2 ; Plate XLVII, fig. 2; and PI. XLVIII, it 
will be seen th.it with the cxceptioini of groundnut all other 
legu’ninous plants grown in black cotton soil showed, a much larger root 
and nodule development than those grown in hliaia soil. It may be 
rem irked that this fiirra had been growing groundnut for two to 
three years before the sample of soil was taken and probably by 
that time the (uop must Jiave l)eeome adapted to the sod. 

In view of these o!)servations, in the following season blvaki 
soil was inoculated with an ('inulsion of black cotton soil and sann- 


hemp was again grown. This gave a ver}’^ decided increase in the 
growdi of the sann-hemp crop (Plate XLIX, fig. 1). 

In order to determine further whether poverty in groivtli was 
due tct lack ( f ])lant food, manurial experiments were also 
tried. Tlu' manures lime, supi'r. sujxjr and lime, basii- slag and 
I'd (sesamum) cake were empknx'd to supply lime, pho.sphorio acid, 
org.inic mattei' and nitrogen. 

A striking lesult noticed was tliat super gave an iuunediate 
return in the form of increased weight. Lime, when used alone, 
liad a deprcs.sing effect and had no advantage when used in cbnjunc- 
tion with su}H‘r (Plate XLIX, fig. 2). Basic slag gave a slight increase 
in cro]i giowth (Plate XLIX, fig. 3). The effect of cake was distinctly 
marked, showing need of the soil for maiuues of this tvpe 
(Plate XLIX, fig. 1). 

A very striking ie.sult was, however, protluced when cake was 
applied f y f be hhata soil and the latter was inoculated with an emul¬ 
sion of the black cotton soil. It was observed that the plants from 
these ])ots weiethe best of the whole series both from the pomt of 
general growth and root and nodule development (Plate XLIX, fig. ]). 
This fact would indicate that the hhnia soil is not only defici^t in 


iiodule forming organisms, but is also probably deficient in organisms 
a'ssociated with the decomposition of organic matter. This defic^nt^;: 
may be either in kind or number. The average relative heights 
weights of sann-hemp plants from the various pots are shown 'in 


Plate L. 
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In onier to obtain softie idea of the biological activities of the 
soil tli 2 luail biological examination was carried out. Instead of 
giving the details of all the biological experiments only th(jse that are- 
of more importance and of interesting nature are given lx low. 


Ammonipication in Eemy's solution. 

100 c.c. Remy’s solution was inoculated witli 1 grin, of .soil. 
For comparison the ordinary black cotton soil was also started 
side by side. 

Table III. 

SJiomug in milUgrwtm ni/rogen, ammonified. 


j Afl<T i .\ftcr 1 After .Iflir 
' 24 hours I 48 1101111 ! 7 iliiv.i 

i i i ■ 

Bhtia,eii\\. .. .. .. i 15‘4 ! 4,. 77!l.8 

Black cotton Mill ., ,, . 2‘8 ; i)'2 i hi'TO 

I i I . 


The resultvS .show that this .soil has quite .satisfiiclory aninioni- 
fying power and this fact is further corroborated by the following 
experiments. 

AmMONIFICATION AND NITRIFICATION. 

Oil-free til cake supplying 60 mgm. nitrogen per 100 grin, of the 
soil was employed and water equal to .saturation was jidded. 


Table TV. 


Showing % nitrogen ammonified and nihijkd. 


1 

Am;n 

2 WFKKf) 

1 

Aftkr 

1 wi:i:ks ' 

1 AkTKI! 

(i WKKKS 

1 Afti-i; 

8 \vi;i;ks 


%N’ 

Total 

%N 

Total 

; %N 

'J'otal 

! O' V 

T()l:d 


RH 

<»/ M 
/o 

aK 

<>, V 


<»; V 

/O 

nitrified 

1 as 

»•/ V 

0 


NJf, 

nitrified 

NH, 

nitrilifd j 

.Ml, 

MI, 

nilnlii'il 

Bkata 8oU aampled 




j 





through 1 mm. 



i 






sieve.* 

85'86 

0-085 

48-5 

23-90 1 

27-0 1 

42-7 

25-2 


Bhala toil oiiginal 







i 

• 

IncMtiog (tonea 
and Hxavd 

87-70 

0-000 

[ 74-0 

7 '8.5 ' 

42-9 i 

1 19-2 


:i20 

Black toil .. 

24-10 

o-ooo 

j 9-C 

45-00 j 

1 

i 

2-.-1 1 

! 

1 

05'5 

1 

70'a t" 


The total % N nitrifitKl rcfcrml to in the ahove tabic includcB lfl>th nitrite and nitrate nitrogen. 
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Fig. 2 Showing the average weight of green Sann-hamp plants from 
f ig. 1. Showing the average height of Sann-hemp plants from duplicate duplicate pots of Bhata soil 

Dots of Bhata soil. f Number of plants in each pot. 14.) 
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.These results- show that the aromomfying power is quite good 
and that the nitrification, though not as good as in black cotton 

caa b3 cilbl averag?. The difierenoe in nitrification in the 
sampled and the original soil is quite striking and may be explained 
by the increased soil surface present in the finer grained sampled soil. 

Nitrogen itxation. 

Nitrogen fixation, as found out from Ashby’s mannite solution, 
ap])ears to be weak. Bliata soil fixes about 4'5 mgm. of nitrogen per 
gram of mannite as against 9 to 10 mgm. fixed by black cotton soil. 

'Pile bacterial content of the soil increases rapidly when organic 
manures are added. In a sample of hJmla soil taken from an 
unmanured area from Chandkhuri Farm, the average number of bacteria 
foiind was about O'O million per gram of soil, whereas in case of soil 
takt'tifroma plot manured with cake and cattle dung the munberwas 
pmctically double, i.e., 1*7 millions per gram of soil. 

We have to acknowledge the assistance and advice given from 
rime to time ))y Mr. F. .1. l‘lymen, now Deputy Director of Agricul¬ 
ture. Westei'u Circle, Ctnlral Provinces, in starting and developing 
these experiments. 

(Summary. 

(1) Chemical, irhysical and biological analyses of the hhcUa 
soil were carried out. Tt is deficient in fine particles and contains 
.about 09 per cent, of stones. 

(2) Ex})erimente conducted show that hliata soil responds t-o 
manuring with phosphoric acid and organic matter. 

(3\ Tt contains the neceasary micro flora required for ammoni- 
tication and nitrification and has also got the advantage of aeration 
and drainage due to its porous physical constitution. 

(4) The poor growth of leguminous crops in the newly culti¬ 
vated hhata soil appears to be due to want of phosphoric acid and a 
scanty formation of nodules. 

• (5) This latter defect is naturally removed to a great extent 
by continuous cropping. When the soil is to be newly cropped 
with legumes it can be successfully assisted by the applicataon of 
cake and inoculation. 
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THF. (iROWTH OF TlfK «UGAR('ANE.» 

BY 

0. A. BARBER, C.I.E., So.D„ F.L.S. 

V. 

It is well known that different varieties of sugarcane ripen at 
different times even when planted together, and this has recently 
become an important fector in milling, as by a careful combination 
of varieties the season during which matured canes can be obtained 
is lengthened. Some interesting work lias lieen done on this .subject 
by Somers Taylor^ with the canes growing in the Bihar sugar tracts 
of North India. He had as material local canes belonging to the 
earliest and latest in India, namely, varieties of the Sarellin and 
Mungo groups. He found that when planted at the same time, 
good sweet juice was obtained from Klmri as early as in December, 
whereas in several members of the Mungo group the canes were 
quite unripe at that date. These latter varieti&s could only be 
harvested profitably in March, while the best time to cut Khari 
was during January and Febniary. The same kind of thing is 
known in many thick canes, but our knowledge is far from complete 
and it is highly desirable that more accurate information should be 
recorded than the casual observations at present available. 

But even with a certain amount of knowledge as to the period 
at which a cane may be expected to mature it has often been found 
difficult to tell exactly when it is best to cut it. This is, because, the 

* Reprinted from the IrUermlional Sugnr Journali April 1920. 

^ Woodhouee, Baeu and Taylor. " The distinguiHhing charactera o( engarcano cultivat«<l 
at Sabour. Mcuiom of the. Dejinrtmcnt of Aijrict'Unre in India, Oolitniail Series, Vol. VII, 
No. 2, April 101 
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multitude of canes brought into the mill vary a greffl, deal among 
themselves, some being just ripe, and others over or imder matured 
as far as the richness of the jnice is concerned. This variation in 
canes of the same kind we may readily imagine to be due to the fact 
that the canes of a bunch are not of equal age, as we have seen in 
our last paper.i The canes developed in succession, the a’s, &’s, c’s, etc. 
ripen one after another, and it becomes of some importance to know 
the true formula of a particular kind, in order to see which of these 
orders of branches is present in the greatest number. If the 6’s are 
the most numerous, then it will be advisable to cut the canes after 
the a’s have somewhat passed their maturity, and if the c’s are 
present in larger numbers, then it would be advisable to concen¬ 
trate on their ripening period, and so on. But it is unsafe to judge 
entirely 1)y numbers, for, as Ave shall see, the canes of different 
orders of branching differ very markedly in their weight, their 
total length and the length and thickiAess of their joints, and also 
in the rapidity with which they mature. These differences in 
appearance will, however, be of use if we Avish, at the mill, to pick 
out the branches of different ages and submit them to a more detailed 
chemical study. 

In the first place let us consider the rate of maturing of the cane 
plant as a Avhole. It can be seen by anyone passing along the rows 
of canes growing in a trial plot that some, at three or four months of 
age, are habitually more forAvard than others in forming cane. It is 
usual to judge of this by the first formation of naked joints 
near the ground which have the normal thickness of the variety; 
but this is rendered difficult in some kinds by the close envelopment 
of leaves, which sometimes remain attached during the whole life 
of the plant. This is the case with most Indian varieties and, 
to make accurate comparisons, it is desirable to take out and clean 
the plants and make dissections to show their branching systems. 
During 1916 to 1918 some 350 plants AAcre thus dissected at the 
Cane-breeding Station at Coimbatore, when from three to four 
months old. As the formation of canes is exti-emely rapid at this 


^ AijrlcMuntl .Imirnnl oj hidin, Scptcnibor 1020. 
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period and tns dissection took a very appreciable time, the subst 
quent comparison became extremely difficult. It is not proi)ose 
here to mention in detail these and other difficulties which were me 


with, noi the means adopted to overcome them, but merely to give i: 
general tcnas the result of the study. This will be seen from th 
following stateiiient. It- Avhicli the various groups are placed in orde 
of development:— 

Early maturing: SarefJia (brown), Nargc.i, Panmhi, SaretJu 
(as a whole), Sunmhile (Dliauhi section), Mungo (only Khann) 

Mo<lerately early: Saretha (green section), Saa'ho'-nm upon 
ta)ieuni, thick tropical canes; 

Late maturing: Simmhile (as a wi.<)]e). Mungo (as u whole) 
Mungo (without Dhaulu section), * umiahile (Dhor section). 

It is extremely da.^irfSle that s.’.nilar lists, lounaed on carcfu 
obsen'ations, shoald be compiled of the rate of c -ne fonna*''in ii; 
comparative varietal p’ots. Tlr' kin.Is that really matter in sucl 
plots are generally few in number, and the w^'rk could bo done each 
year in a much shorter time thai that donea*^ Coimbatore, tim.'- 
ruling out the diffculti.s which were met witlj theix. 

The study of the diffennices between the branches of different 
orders, namely, the n’s, //s, c's. etc., was also a difficult piece of work. 
It had long been felt +hat such a study was nei'ded, because of the 
occasional observation, especially in certain varieties, of tliose 
thick, late-formed snoots, called gourmandizers,” which usually 
had little sugar in them at crop time. But a final decision was 
arrived at, when it was found out that the canes in each bunch were 
not uniform and in fact aiffered so mucli among themselves that 
the current method of sampling a plot of canes was likely to introduce 
serious errors. Thus, when picking out 20 canes at random for 
r^^Nfueuring, it was easy, in certain varieties, to separate them into 
diSerent classes which on examination turned out to be of early 


and late formation. The former were longer and thinner, had 
more an'^ hhcffter joints, and had apparently richer juice. In oujr 
stu^ dl aeedling canes these difierences among the canes of different 
aame j^imt were found to be much more pronounced, 
"jpg coloiik s^ten Varied with the age from green or yellow to grey or 



PLATE LI. 



Branches of different orders In the dissection of Saecharum arundinaceum 
The main stem, a, is in the centre, and bs, cs, ds, es, and /s are 
arranged on ei^h side, passing outwards from the nid^e. 

Thn charadters of these branches are as in Plate Ml. 














eyen piuj)!©* thc.tlsi^jppBS was sometimes three m great 
tater ^nea^an^'^^^ortion of rootiiig fUMi je^^ ha^it dSfer^ 
quite as Siion became ueoessai^^ tola^ i^wn rule^ 

whidi cM|t8 ia the buach should be selected as typical of the see^ 
ling, bbth as to its external form, and the richness of ita piice. When, 
therefore, the disseotion wh*k was taken up on a large S(^, a series 
of measuremeifts of each and every cane was introduced, from which 
to learn something of the meaning as well as the persistence of these 
differences. The results Have fully justified the enormous amoimt 
of labour involved. 


In the plants of Sacduirum arundinaceum and Pamahi shown on 
Plates LI and LII some of these differences are very clearly shown ; 
it is at once obvious that the a’s, 6’s, c’s, etc., vary greatly in certain 
characters. Among the characters chosen for special study were 
the rate of cane formation, the thickness and length of the canes, 
the shape of the cane, and the amomit of curvature of the base, the 
amount of rooting and shooting, the richness of the juice and so on. 
Averages have been struck in all the canes of the same order of 
branching, in each plant, clump, variety and group, as well as the 
whole series dissected, and some of the results are given briefly 
below. 


(1) Rate oj early development. Included in this term is the 
period between the shooting of the bud and the completion of the 
thickening of the cane, after which it proceeds to add joint to joint 
as the leafy shoot is tlxrust into the air. The region concerned 
consists of short, disc-like, suj)erposed joints which gradually become 
thicker and longer, and, after some study, it ivas decided to limit it 
upwards by the first joint which had reached one inch in length. 
After this the thickness did not appear to vary much and the joints 
quickly assumed their usual length. The length of this basal, 
preparatory portion of the cane was carefully measured in each and 
every cane of the hundreds of plants dissected, and the results were 
tabulated and averaged. It was found that the o’s, that is 
main shoots, were fnuch the slowest in development. This is indeed 
not to be wondered at, when we consider the quantity ^?root3 and 
leaves at the disposal of the plant at this ^nod; Tben^g 
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(6’s), on the other hand, starting from a ready formed cane with larger 
equipment of root and leaf, went through their preparatory perioa 
much more rapidly, and this rate of development was seen to increase 
in subsequent orders of branching. But the matter soon became 
complicated by the fact that the later branches had to place them¬ 
selves further from the centre of the plant for free growth, thus 
introducing a curvature at the base which is not se^n in the a’s or 
generally the h’s. This curving region increases with the order of 
branching and mere measurements of the length of the basal portion 
were insufficient to demonstrate the rate of development. This fact 
must be taken into consideration in the figures that follow. The 
average length of the liasal portion in all the a's and 6’s meas\ired 
was 3‘7 and 2‘6 inches respectively. Taking only the tiaretha and 
Pansahi groups of Indian canes and the six thick tropical canes 
we have the following averages (in inches): — 



a b 

c . rf 

t. 

Saretha group 

:5-4 1 '7 

2 0 2-4 

(2-<i 

Panaahi group 

:ji 20 

2-1 2-5 

2-.I 

Thick canes 

2-8 2-4 

2'8 (It-8) 



The figures in brackete being founde<l on an insufficient, number 
of measurements for accurate determination. 

(2) Average length and thickness oj the mature joints. The 
measurements in joint length were commenced after the basal part 
had been passed, that is, after joints one inch in lengtli had been 
reached; the thickness was taken of the (^ane at two feet from the 
base. The differences in these respects of the branches of different 
orders are very well seen In the Plates, and it is merely necessary here 
to record the averages of the actual measurements taken. As has 
already been stated, the observation of such phenomena has always 
been found much easier in the Pansahi group of canes and in the 
wild Saccharum arundinaceum, and these have been selected for 
reproduction, because they show the differences so well. Averages 
are also added for the Saretha group and for the six thick cane 
varieties dissected. There is much more variation in these, and no 
individuals if figured would be likely to present the matter in so 
striking a manner ; but by the averaging of a very large number of 
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njeasurements in each (usually many thousands) these irregularities 
have been ruled out and they fall well enough into line ;— 

Average length oj matured joints above the basal fart, 



in,inches. 

a 

6 

c 

d 

Sarttha group ^ 

. . 

2-2 

2-8 

3-3 

4-3 

Pansahi group 


2-1 

2-8 

3-3 

3-6 

Thiok onnes 

.. 

1-8 

2-4 

2-8 

3-0 

Average thickness of 

cane at two feet from the base 

in cm . 


a 

6 

c 

d 

e 

fSaretha group 

1-59 

1-6(5 

1-78 

1-92 

2-04 

/’oDsnAr group 

1-66 

ICC 

1-88 

2-23 

2-84 

Thick cancH 

2-63 

2-82 

2-90 

3-45 



(3) Eichness of juice in branches of different ages. This has 
l)cen the subject of repeated study in the Pansahi group of canes, 
where the cut canes can be so readily divided into early (a’s and b’a) 
and late (c’s and d’s), and the results are very interesting. Two 
sets of analyses are given, which were made in 1916-17 and in 1917-18. 

Sucrose in the juice of members of the Pansahi group. 



Per cent. 

Per cent. 

Mnntrin (one clump): early oancp 

11-.30 late canes 9'S2 

Ditto (whole row) 

10-29 

7-24 

Vuba (fi canes each from one clump) 

10-61 

7-94 

Per cent. 

Per cent. 

Per cent. 


.. : very early oMies .. 10‘90 early lC-40 to 16‘48 late 13'99 

Yuba .17-81 „ 17-17 to 17'77 „ 16'13 

From these examples we see that, in the samples taken, the earlier 
or older the canes the richer the juice, and it would be interesting to 
compare these results with analyses taken at other places, especially 
as the sucrose content of the members of the Pansahi group appear 
to have so much richer juice in other tropical countries than in India. 
Thus far we have failed to establish similar relations of the juice 
Mchness in other groups of canes, possibly, because of the fewness 
of the observation's and the irregularities in such groups. 

From th'se and other facts elicited regarding the character 
of the juice in canes of different ages and in the different joints bf 
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caae doling its growtii, we have been led to a certain conception as 
to what goes on in the ripening cane, as of inflnence on the behaviour 
at the mill, and it may be of interest to place it on record. The 
cane plant commences in a small way and, at first, is only capable of 
small things. But, as it gets bigger-, has mOTe roots which penetrate 
deeper into the soil and has larger and more numerous leaves where¬ 
with to obtain food from the atmosphere, its capacit;^ increase and 
greater numbers of thicker canes are produced. Each cane, as it reaches 
its appropriate thickness, proceeds to grow in length, but its joints, being 
at first youi^ and tender, are filled with sap devoted to the building 
up of fresh tissue. But as the tuft of leaves is pushed into the air 
by the formation of new joints, one for each leaf, the older joints 
become less intimately connected with tissue formation. They 
become more mature and their large central cells become inert and 
charged with cane sugar, while the more actively living tissues are 
limited to a narrow external band, whose main function is the 
transmission of food from the roots to the shoot. When all but the 
uppermost joints reach this later stage, the cane is said to be mature 
and is ready for cutting. It does not seem likely that anyone will 
quarrM with this conception of the sequence of events. 

We have seen that the canes of a bunch arise in succession, 
first the mother shoots from the buds on the set, then the branches 
of the first order and, later, thcae of the second, third and other 
orders, according to the system of branching as determined by the 
formula. A study of the dissections shows that there is usually a 
considerable period between the appearance of the first and last 
canes of each plant. In all of these the same Sequence of changes 
may be assumed to take place in the contents of the joints, and 
thus tliere will be considerable differences in the times at which the 
different canes arrive at maturity and are fit for the mill. We have 
some reason then to suppose that the canes at crop time will not be 
equally matured, unless indeed no further change takes place in the 
canes after they have reached maturity. But there are abundant 
signs that such a change does take place, although it appeara to 
differ in extent and rapidity under special local conditions and in 
diffexen^t kinds of cane. There are in fact evidences that, after a 
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cane has matured, if left uncut, a process of deteriofation sets in, 
the main result of which is that the purity of the juice and the 
quantity of sucrose in it decreases. The causes which induce this 
change iu the stored sucrose in the large cells of the joints need not 
concern us here. The following analyses will illustrate our point. 
They were made at the same time as those of Ma/neria and Yuba 

quoted above'in 1917-18. It was, at the time, recorded that the 

tops of these canes had withered because of drought, but the analyses 
were made just the same to see what the efiect of this premature 
maturing would have on the juice. 

Sucrose in the juice. 

Per cent. Per cent. Per cent. 

1917-18 .. Pannahi : Very early canes .. 13'58 . . early 15-88 to 16-28 late 13 66 

Soda Khajee: „ .. 13-82 16-58 to 17-84 

From these facts we learn that in each cane there will be a 
gradual rise in the quantity of sugar in it until an optimum is reached, 
after which there will probably be a more rapid decline in its content 
of this substance. If we take a milling period of one hundred days 
and assume that but one kind of cane is grown, all of it planted at the 
same time, we should in practice be most of the time cutting many 
canes which are not by any means at their optimum as regards 
sugar content. We should commence with the cutting when the 
mother canes are ripe, but their branches would be increasingly unripe, 
the higher the order of branching and the later they had risen in 
the bunch. Then, when the mother canes were a little past their 
prime, the ft’s would be at their optimum, but the c’s and d's would 
still be unripe ; lastly, when the latter canes became fit for the mill 
the mother canes would be much deteriorated and the 6’s would 
also have.passed their optimum of sugar content. 

The best time to reap a crop will be when the greatest weight of 
canes is matime; this will depend on the formula, and will, for instance, 
be very different for Yuba and B.208, and probably for Red Mauritius 
as compared with* either. The formulee tend to be symmetrical on 
each side of a certain order of branching, and if the system is small 
there will be most b’s, if large most c’s; but it is to be remembered 
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that not only'the number, but the individual weight of the canes, h%8 
to be considered and thki is invariably greater in the c’s than thd 
h’s. It will be seen that there is plenty of scope for study in this 
matter, and it would be well, in the selection of early and late 
maturing canes, which will be necessary to extend the milling season 
to as great a lengtJi as possible, also to consider the optimum 
ripening of the canes of different orders of branchitig. With the 
marked differences to be observed between the early and late canes 
as detailed above, it sliould be possible with a little care to separate 
them at the mill, and it is suggested that an occasional analysis of 
the canes of different ages and stages in ripeness may be of use in 
getting the greatest amount of sugar out of the crop. 




PLAT 



NATIVE CANE IN PLOWER, TUCUMAN. ARGENTINA. 





THK ]yi<) TUCUMAn .SUOAK CROP* 


W. E. CROSS. 


Fok the harvest of 1919 iii Tucvimau there were some 183,000 
acres of (taue, of which some 160,500 acres were of the Java seedling 
variet'es, priiicipilly POJ 36 and POJ 213, and 22,500 acres of the native 
cane (purple and striped) (Plates LITI and LIV). Of the entire 
e.xt on.sion of cane planted, 84'8 per cent, belonged to the factories and 
35 “2 per cent, to the independent cane growers. The total amount 
of cane produced was approximately 3,685,000 short tons, of 
wiiich some 220,000 short tons were of the native cane, the 
rest being Java. The tonnage yield of the Java cane was thus 
around 21‘5 short tons per acre, and that of the native cane 
around ten tons. The total amount of cane produced was not 
quite all ground 'as some 100,000 tons were left till next year 
and A small quantity was used for planting. The exact tonnage 
of cane which was worked up in the twenty-seven Victories 
which opeiuted was 3,555,329 short tons, the total amount of sugar 
produced being 271,286 short tons, not counting a small amount 
of hot room goods wiiich will be purged in 1920. The average 
yield of sugar per hundred cane in the factories was thus 7*6 per 
cent. ■ » 


Kepriiitcd fxvm ^ he Lwmuuu Vlanter and tSuyor Muttufacturtrtdeki^ dthJime, 1020t 

( m ) 
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The amount of cane ground and the yields obtained in the 
various factories will be found in Table I. • 

Table I. 


Factory 

Santa Ana 
La Corona 
La Trinidad 
Mercedeo 
La Florida 
San Pablo 

Concepcion of Lujan 
Lastenia 
BellaVieta 
Noevia Bavtora 

EajMnma' 

La IRcofid^iida' 

LoaBaiM .. 

San Aadtew ' 

'SaatiaBaaa'. ’ 

San 

Santa SaitWa .. '> 


Santa ; 

Craa AUa 



Can,c ground 
(short tong) 

Sugar produced 
1 (gliort tuns) 

1 

Sugar produced 
% cane 

316,882 

!• 

21,668 

0-82 

189,781 

13,702 

7-22 

160,018 

12,702 

* 7-93 

106,858 

12,211 

7:!3 

248,947 

22,491 

♦ 9-03 

245,141 

21,100 

80(1 

395,050 

31,019 

1 

7-99 

141,050 

11,875 

8-41 

310,871 

21,987 

0-89 

108,135 

10,301 

• 9-68 

M,391 

4,436 

6-89 

122,313 

8,906 

7-28 

75,004 

4,044 

0-51 

133,423 

10,643 

7-90 

70,177 

' 6,767 

8-63 

100,149 

7,600 

» 

' • 7-08 

64,789 

3.301 

6-19 

02,761 

4,466 

7-11 

34,676 

2,417 

6-97 

06,689 

’6,615 

6-48 

106,224 

7,413 

7-04 

24.78.7 

1,186 

4-78 

90,666 

6,961 

7-08 

85,487 

6,266 

7-33 

11.7,269 

7,840 

6-92 

29,395 

1,813 

... 1 

6d7 

3,666,329 | 

271,280 

7 03 


Total 




Raw Hiijrar. 







PLATE LIV. 



TYPICAL POJ 213 CANE IN TUCUMAN. 
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All the factories produced principally white st^ for direct 
tSonsumption, except the four indicated by an asterisk in the Table. 

■ •- . * 'i-i'• 

Before going on to discuss the year’s crop in its various aspeots, 
it will perhaps be worth while to give the results obtained in 
previous yeaacs. Table II shows the cane production^ and Table III 
the-8a<^; production in the last ten years. 


Table II. 


Cane crop, 1909 - 1919 . 


Year 

Total acreago 
(acres) 

Total cane 
produced 
(short tons) • : 

Cane pet 8cre 
(short tons) 

1919 .. 



183,000 

3,685,000 

201 

1918 .. 



180.000 

1,819,044 

Ml 

1917 .. 




756,220 

3‘3 

19tl0 .. 




973,810 

6-1 

1915 .. 



277,238 

1,981,469 

7-1 

1914 ., 




3,276,876 

12-4 

1913 .. 



257,621 

2,873,681 

ll-S 

1912 .. 



224.^ 

1,964,330 

8-8 

1911 .. 



218,540 

2,214,305 


1910 .. 

* , 


209,273 

1,676,488 


190() ■■ 

•• 


173,105 

1,880,918 

10-7 


* Excluding the amount of cane used tor planting. 


Table III. 


Year 

No. of factories 
Worling 

Sugar produced 
(short tons) 

Sugar per aero 
(short tons) 

Sugar rxtntoted 
on 100 canes 

1919 .. > 

SI ■ 

271,286 

1’48 

7'63 

1918 .. ■ .. • 

26 . 

95,786 

0'53 

6'26 

1917 .. 

-'ig ; 

48,963 

021 

6-47 

1916 .. 

21 


0’31 

' 6‘06 

191.5 

26 

114,664 

0-41 

6-7# 

1914 

28 


M7 

•■38 

1913 

28 


0-97 

8-73 

1912 

. , . , 27 , 

134,306 

„ OKIO 

6-84 

1911 

■'-.St'/:- 

, 163.(»8 

o-7e 

7-37 


. '■ 2f'.' 

• 128,791 

o-ds 

7-69 

1909 . 

28:/- 


, ^ .0-»6^ 

6-21 ■■ 1 

' y 






The veay^'ieiharkaHe va^ in the snnpl; 
and sugar j^^acce during the fast ten years will;'^ seen ih'ij^e 
Tables, whi(^ giW home idea hi the really a|^lllig crys thn^ ^' 
whibh Tuctlltyn fats ifart; passed. This crisis, as fa-peidiaps faicnflii - 
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the reader, was due to the sudden and final degeneration of the 
Cheribon mne, which took plac^ in the years 1915-17. The crisis 
forced the planters to {vccept the reconuneudation of the Experiment« 
Station, to renew their outire plantations with the Java seedling 
varieties POJ 36 and POJ 213 ; and this they did so rapidly that 
in 1918 over 80 per cent, of the tohil cane harvestetl was of these 
varieties. This entire going over from the old shiiidard cane to 
a new variety wi< h which very few outside of the Experiment Station 
had any experience, indicates at once the courage and progressivene&s 
of the Tueumun planter, and also incidentally his faith in the Experi¬ 
ment Station. The yeai' 1918 was the first year when the indixstry 
was really based on the Java varieties and the grinding season of 
tliat year was looked fi)rward to with great interest from the point 
of view as to whether the .lava cane would or would not justify 
itself as a practical proposition, and what results it would give 
phmted on a large commercial scale all over the province. Unfor¬ 
tunately, just after the firet month of the crop, on the 8th of July, 
the province was visited by a frost of a!i entirely unprecedented 
degree, with minimum temi>eiatures in parts of the cane Irelt as low 
as 14 degrees F., which created entirely abnormal conditions and 
made it necessary to defer final judgment on the value of the Java 
varieties until the following year. Nevertheless the frost itself 
served to bring out one property of these canes which in iistdf is 
enough to place them in a class by thenuselves: their remarkable 
resistance to the effects of low temperatures. While the native 
cane became almost worthless within a week or two of the big frost, 
the Java plant cane was'more resistant, and the‘Java stubble could 
be ground right on into Sept-emlxjr, although the terminal buds and 
almost all the other buds were killed on the 8th of July. Seeing that- 
at least five-sixths of the cane in 'rucuman is always stubble, this 
experience enables the planters to contemplate future frost years 
with a conriderable amount of equanimity. 

The year 1919, then, was the greatest year of the newly-adopted* 
Java cane. Many people were sceptical about 'the possibility of 
obtaining results on a large scale, even approximating those reported 
by. the Experiment Station, others about the hi pli fibre content of the 
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cfiines, the ease of clarifying their juices, etc. It is, flierefore, very 
Satisfactory to report that the harvest represented an absolute 
, vindication of the Java varieties, for with a nuuJv smaller aci-eage 
than was common with the native canes an absolutely re.'oid tonnage 
was produced, in average yield of cane per acre, 20‘1 tons, and 
especially that of the Java cane, 21-5 tons, are results entirely 
without precedPent in the local industiy. Moreover the cane proved 
to be entirely satisfactory in the sugar-house, and gave an excellent 
average yield of sugar of 152’6 pounds per ton. 

I’he vert^ success of the Java cane, however, biought tip some 
quite ditlicult jiroblems for the industry, in resjiect of the excess of 
production of cane, and esitecially of the relation of the mmro, or 
cane planter, to the industry. As we have seen, about two-thirds of th.. 
cane planted is in the hands of the factories themselves, the remaining 
one-thii'd lielonging to these canerois, who sell their cane to the 
factories. In years of cane scarcity, such as we have experienced 
since 1914, the cane of these growers was at a premium, but in 1919, 
with an ovei production, the factories found themselves in a position 
to buy but very little cane, so that the catiero was unable to sell more 
than a. small portion of his product. To meet this situation the 
local goveriunent jiassed a law compensating the growers who could 
not sell their cane, from funds produced by a special tax on the sugar 
manufactured. The law allowed the caneros to dispose of their 
cane which they could not sell to the factories, for which therefore 
they received compensation, in any other way they could, the 
compensation being for the loss of the “ principal market ” of the 
product. The result of this was that some mneros decided to make 
the experiment, not previously made in this provhice on a large 
scale, of leaving tJie cane over without cutting until the next 
grinduig season. The experiment was also made by a number of the 
factories, the total amount of all cane thus left over being some 
100,000 tons. As the 1920 season has not yet commenced at 
this writing, the result of the experiments is not yet known, but 
from the analyses* of many samples of the cane made in the 
Experiment Station it would appear to be in excellent condition for 
grinding. 
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The very large yield of cane in the fields, and the absence of 
killing frosts, made it obvious in the middle of the grinding season 
that the mills would have to work right on till November or December, 
or until the advent of the summer rains should make hauling 
impossible, and many factory owners feared that the cane would 
begin to diminish in sugar content with the daily increasing 
temperatures of the spring and early summer months. This especially 
so, as the cane, early in the grinding season, began to show a tendency 
to flower, and while this is a very rare thing in this country, it was 
understood from other parts that the cane after flowering would 
deteriorate rapidly. Fortunately these fears were not realized; 
for even though a small proportion of the cane actually did flower, 
on the average the sucrose content and purity was maintained 
right up to the end of the harvest. This result was another triumph 
for the Java cane. 

The high fibre content constitutes one of the greatest diflerences 
between the old native cane and the Java varieties, for while the 
former shows only 10’6 per cent, fibre, the latter canes contain 
usually 12’5-13’6 per cent. In one way, of course, this has been a 
great boon to the industry, as the amount of auxiliary fuel needed 
by the factories working with the Java cane has been reduced very 
much thereby. On the other hand, the canes are much harder to 
grind, and the juice extraction much less than with the criolla canes. 
^Before becoming accustomed to the new canes a number of factories 
lost time through breakages, but it is anticipated that these troubles 
will become fewer and fewer as the factories get used to this class of 
cane. Nevertheless, it must be admitted that the POJ 36 has a 
tendency to become very hard, and that this is considered somewhat 
as a defect in this variety by those factories whose milling plant is 
not of the most modern. 

One of the most remarkable features of the Java varieties, 

4- 

from tile Tuoumdn point of view at least, is their exceptional rapidity 
•of deterioration after cutting. This property was studied by the. 
Experiment Station years ago, and it was shown to be due to inverting 
enzymes -which the canes contained at the moment of cuttk^ 
and also elaborate after being cut. The result of tiiis is that white 
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the native canes can be cut at the beginning of the week and milled 
it the end without any appreciable loss in purity, the Java varieties 
must be worked up within one or two days unless very serious 
losses in sugar are to be suffered. As has been said, this fact was 
more or less known to the factories when they began to work with the 
Java canes, but it needed bitter experience in some cases to make 
the fact “sink in.” But even then losses were suffered by many 
ingmios by faulty organization of the harvest and haulage 
as well as owing to the great difficulties experienced in trying to 
ensure that the cane should arrive at the mills within a few hours 
after cutting. As time goes on, however, and the growers and even 
the labourers come to realize the great necessity of sending fresh 
cane to the mill, these difficulties will tend to disappear. As an 
example of the losses entailed, we may mention the case of one 
ingenio that was grinding with 70 per cent, purity, and on milling 
two wagons of freshly-cut cane from the same fields found the 
purity to be 84 per cent. 

The Java cane was found to work up easily in the factory, 
no difficulties of clarification or boiling, etc., being experienced 
as long as fresh cane was being dealt with. The cane deteriorated 
by being cut several days, however, gives juices which sometimes 
are difficult to clarify. 

As has been said, the predominating Java varieties planted in 
Tucuman are the POJ 36 and POJ 213. The other Javan varieties 
planted on a relatively small scale, the POJ 228, POJ 234 and the 
POJ 105, have not given such good results. The POJ 228 
generally gives a * lower tonnage than either the POJ 36 or the 
POJ 213, and has also shown itself to be much more susceptible to frost 
damage. It, however, has the advantage of suffering less from 
deterioration after cutting than the other canes. The POJ 234 
was planted because of its property of early maturation and this 
property it has maintained on the large scale. However, it does 
not give a sufficiently large tonnage per acre to justify its preference 
to the other canes, *as for early cutting better results can be obtained 
from POJ 213, topping it one or two jcants lower than normal,’ 
The* POJ 106, also called here Ambar de Egi^, }m abso fafled to 
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justify owing to its comparatively low tonnage, and its 

susceptibility to frost damage. Finally the Kavangire, which was alsd 
planted to some extent in the province, has proved inferior to the , 
l)est Java canes, owing to its very late maturing, and also to the 
comparatively great expense of harvesting and shipping this very 
thin cane, and to its hardness for milling. 

The POJ 36 and the POJ 213, on the other hand, as we have 
seen, have been absolutely vindicated during the record 1919 crop. 

Very little damage was .suffered during the year from insect 
and fungivorons pests, prol>ablv owing at iea.st in part to the great 
resists lice of the Javan varieties to these pe.st.s. The cane borer, 
which formerly .seriously reduced the .sugar pnKluction of the native 
cane, apparently finds the rind of the Java varieties t(Xi hard, as the 
numlxT of {K'rforated stalks was comparatively small. A small 
amount of mealy bug was noticed. Init no dainage was attributed to 
this cause. Of ('ane diseases, the mcxsiuo di.sea.st' is very ('ommon 
here in all the canes, but it dws not apjx>ar to affect the yields 
.seriously. The root disease, which has such a serious effect on 
the native cane, has not made great headway with the jiew 
varieties jis yet. The disease called “ toprot ” was in evidence to 
a small extent, but did not do any gieat damage. 

Finally, mention must l)e made of the excellent climatic conditions 
of the gn)wing season 1918-19, which xuidoubtedly played their 
part in making the year 1919 a record one for Tucumun, 



FARMYARD MANURE: ITS MAKING AND USE.* 

Not many yeans ago it used to l)e the custom for certain 
representatives of agriciiltura! science to extol the virtues of 
artificial manures, while fanners, on the other hand, stoutly 
?naintained the superiority of farmyard manure. In recent years 
the j) 08 ition has changed. It is now the scientific worker who 
emphasize.s the importance of farmyard manure and the need for 
making and storing it properly. Farmyard majuire and artificial 
fertilizers do not compete with one another; they serve quite 
different purposes in the soil. No farmei' can do without artificials, 
no matter how much farmyard manure he may have at his 
di.sposal, and, conversely, no arable farmer, except in a few 
special districts, would like to do without farmyard manure, even 
if Ijc could have unlimited supplies of artificials at very low 
prices. The liest results are always obtained on arable land by 
proper combinations of farmyard aiul artificial manures, although 
on grazing land farmyard manure may not act well. 

So far as is at present known, the effects produced by farmyard 
manure in the soil are three : 

1 . To supply nitrogen and potash to the plant. 

2. To improve the physical condition of the soil, and thus 

increase its capacity for going into a good tilth and 
for holding water. The effect of this is to steady 
the yield. 

3. To assist some of the micro-organisms of the soil; among 

other effects, to benefit the clover crop. 


* Ropriiit' (abridgtMi) of a pajwr read by l)r. E. J. Russell, F.R.S., Director of 
thalarted Exiierimcntal Station, at a meeting of tir Farmers’ Club, 3let May, 1920, froni 
Jounat of the MinUtry of AgrtcttUvre, XXVII, No. .'t. 

' ( 6o7 ) 
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Only in the first of these is there any competition with’ artificial 
fertilizers, and even here the competition is restricted, because 
artificials usually exert their full action on the crop to which they are 
applied, while farmyard manure does not. 

The constituents op farmyard manure. 

1. The excretions. The animal excretions constitute an 
important part of the fertilizing material of farmyard manure. 
The urine is by far the most important —it is the chief source of 
the immediately beneficial part of the dung. The amount and 
value of the urine depend on the food and on the animal; urine 
contains the fertilizing constituents of all the digested food which 
has neither been retained in the animal nor secreted in the 
milk. 

Its composition can be calculated, and this is done in 
determining the manurial value of foods, but the calculation never 
comes out quite right, because its valuable constituents are so 
easily decomposable that they are readily lost. 

Although the dry matter of the urine forms only about 2 per 
cent, of the actual weight of the dung, it constitutes a much larger 
proportion of the weight of fertilizing materials. A ton of dung 
contains about 12 to 15 lb. of nitrogen, of which about 4 to 9 lb., 
according to the amount of cake and corn fed, would come from t he 
urine. 

2. The litter. Straw is by far the commonest litter, atid 
it forms the chief part, by weight, of farmyard manure. Broadly 
speaking, one ton of straw makes four, tons of farmyard manure but 
the additional three tons is very largely water, only a small part 
being other excretory substances. Of 100 parts of farmyard 
manure made in a bullock yard :— 

76 are water. 

About 2 are solid constituents of the solid excretions. 

About 8 are constituents of the solid excretions. 

About 16 are constituents of the litter. ' 

On the basis of bulk, therefore, litter is more important ,than 
alnything else, although not in other respects. Its chief efiect 
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is^ that it forms the humus in the soil, and therefore helps 
, to promote tilth and to improve the water-holding capacity. 

^ Unfortunately, its change into humus is expensive to the farmer in 
that the organisms effecting the change take up valuable nitrogen 
compounds from the urine tha;t ought to have gone to feed the 
crop. 

•The MAKING OF FARMYARD MANURE. 

« 

The simplest case is that of manure made from fatting bullocks 
in stalls or covered yard where the manure is of considerable value, 
and where pains are commonly taken to preserve it. Of every 100 lb. 
of nitrogen fed to the aiiimals, about 95 lb. pass into the manure— 
often about 45 to 60 lb. in the liquid and 50 lb. to 35 lb. in the solid 
excretions. The 45-60 lb. are in a form highly valuable to the 
plant. The decomposition process, however, takes rather a heavy 
toll, in one way or another about 15 lb., leaving 30 to 45 lb. in a 
form really useful to the plant. The nitrogen in the solid, and 
such of this 15 lb. as is not altogether lost, may at some time 
become useful to the plant, but it docs not count for much; 
only the 35 to 40 lb. balance can be relied upon to yield any 
profit. 

When, as often happens, the manure is made in open yards, 
the loss becomes more serious. The minimum loss of 15 per cent.- 
is exceeded, often much exceeded, and, as always, it falls on the 
most valuable part of the nitrogen. It is probably not far wrong to 
suppose that the manure from a bullock receiving 3 lb. of cake and 
upwards per day is worth 16s. or more per month when made in a 
covered yard, but not more than some 10s. or 12s. per month when 
madef in an open yard. For a herd of twenty bullocks the loss in 
manurial value through having no roof to the yard may be any 
amount up to £5 per month. 

It is often maintained, however, that some rain is necessary 
as otherwise the manure becomes too dry. While a certain amount 
of moistness is necessary, rain may seriously damage the manure 
by washing out some of its valuable constituents and by bringing 
about certain undesirable changes. It is probably better to keep* 
rain away from the manure and to ensure sufficient moisture by 
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reducing the area over which the animals can wander, thus obtainipg 
a high proportion of excretions among the litter. The comfolt 
and well-being of the animals, however, must always be the firsts 
consideration. Periodically pumping liquid manure or water over 
the heap is not to be recommended. 

Storage op farmyard manure.* 

• 

In the matter of storage the Northern farmer has some 
advantages over his colleagues in the South, one of-which is that he 
can, as a rule, advantageously apply farmyard manure to his land in 
the spring. Manure made in the yards during winter can thus be 
hauled straight on to the land and ploughed in with reasonable 
certainty that this is the beat thing to do. The Southern farmer, on 
the other hand, while he may be driven to spring applications of 
farmyard manure, would often obtain better results by applying 
the manure in the autumn. The storage of farmyard manure over 
the summer months thus becomes an important question. 

However carefully matters are arranged, directly the manure is 
drawn from the yards some of its really useful nitrogen— the 30 lb. 
balance—begins to leak away. It forms part of the odour that 
gave the old farmers so much satisfaction. It enters largely into 
the black liquid, which, even in a well-conducted farm, is often 
seen draining away from the manure heap. Both smell and liquid 
are signs of leakage ; but they do not represent the whole of the loss. 
It is wrong to suppo.se that matters can be put right by simply 
replacing the black liquid; its very existence is a symptom that 
bigger losses are taking place. 

Many attempts have been made to obtain a reliable estimate 
of the amount thus lost. In experiments at Rothamsted the 
losses varied from 7 per cent, to 36 per cent, of the total nitrbjgen. 

A common loss was about 20 per cent., falling chiefly on the urine 
mtrogen. Assuming this latter figure were generally true—Rnd we 
have no reason for supposing otherwise—our 30 lb. of valuable 
nitrogen would soon be reduced to Uttle more* than 10 lb., 

86 per cent, of the original nitrogen, or 76 per cent, of the most 
valnaUe portion, has disappeared. . ' 
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Loss IN FABM7ABD MANURE. 

It has often been suggested that kainit, gypsum, superphosphate 
, or other substance added to the manure helps to reduce the loss by 
fixing ammonia. The proc^ses bringing about the loss, however, 
are too complex to offer any reasonable expectation of the discovery 
of a satisfactory fixer. 

It is difficult to form any estimate of the loss which occurs to 
farmyard manure over the whole country, but it must be 
considerable. Taking the present consumption of straw in the 
farm buildings of the United Kingdom to be about 10,000,000 tons 
per annum, the production of farmyard manure would be 40,000,000 
tons, worth at present prices some £25,000,000 or more. The loss 
in making and storing the manure heap is not less, but probably 
more, than 20 per cent, of this, i.e., more than £5,000,000 each year. 

This loss cannot altogether be avoided, because it is part of the 
cost of the necessary decomposition of the straw, but it can be much 
reduced. In experiments at Rothamsted the provision of shelter 
to keep off some of the rain much increased the effectdveuess of the 
heap. 

Shelter can be provided in several ways. A layer of earth has 
proved effective, but it is not always convenient. Straw-thatched 
hurdles acted well in the trials. Placing the heap in a well-sheltered 
position is also helpful. 

At present prices it is probably safe to suppose that an amount 
from la. to 6a. is added to the value of every ton of manure by 
providing shelter. 

The feeding of cake. 

There has been considerable discussion as to the extent to 
which cake-feeding adds to the value of farmyard manure. In 
recent experiments the additional value due to the cake was less 
than was expected, and the benefit of the cbke was shown only 
in the first year, and not afterwards. The practical man, however* 
bolds fast to cakerfed dui^, and recent experiments at Rothamsted 
have shown a direction in which it may .be superior to ordina;^, 
dudg: The breaking up of the litter to form humus is broni^ 
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about by organisms which require the sort of nitrogen compouivls 
that they would find in cake-fed dung; they would, therefore, 15e 
able to work more vigorously in cake-fed dung than in ordinary, 
dung, and hence would tend to produce better soil conditions. 

The evidence indicates that cake-feeding produces less benefit 
than might be expected on soils where plant food only is needed, but 
more benefit on soils where additional humus is necessary. 


Cow MANURE. 

The question of cow manure is complicated by the necessity 
for satisfying sanitary inspectors, and by the fact that it is of poorer 
quality than bullock manure. 

The poverty of cow manure arises from the fact that a cow 
secretes a considerable proportion of this nitrogen of the digested 
food in the milk instead of passing .all of it into tlie urine like 
bullock. The urine is, therefore, weaker than in the case of bullocks, 
and there is a corresponding reduction in the value of the 
manure. 

On some of the Oxfordshire farms a big covered shed is built 
next the cattle-shed for the storage of manure. The principle 
is sound, but the plan is sometimes inconvenient in execution. 
In Cheshire one sees good dungsteads—^roqfs of corrugated iron 
carried on stout posts, and so placed that the dung can easily be 
tipped underneath and then compacted. These are of great value, 
but care must be taken that the manure is sufficiently well 
compacted to prevent it becoming too dry. • 

Cow manure, however, presents an interesting possibility, 
because so much of the liquid is or can be collected separately, 
and this should certainly be done wherever practicable. 'The 
liquid is very valuable, containing as a rule about 18 lb. to 23 lb. 
of nitrogen per 1,000 gallons, besides possessing a high potash 
value. 

A suitable dressing is 1,600 gallons per acre, and it serves 
, excellently for seeds and as a spring application for winter oats or 
tenter wheat, On an average each pow contributes about gallons 
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of urine per day,* which is worth about 2s. 6d. per* month. The 
difficulty at present is to apply this material. 

I 

Artificial farmyard manure. 

As the bulk of farmyard manure is litter, and the valuable part 
of the residue is largely made up of liquid excretions, it is not difficult 
for the scientific investigator to make an artificial farmyard manure 
from straw and artificial fertilizers. This has been done at 
Rothamsted, and one or two tons of the product were tried on the 
field. It is too early as yet to say whether the material will work out 
economically in practice, but the principle is sound; it consists in 
allowing the straw to decompose with formation of humus, and 
supplying the necessary nitrogen compound in the form of an 
ammonium salt. When the details are worked out the method may 
probably prove of interest in districts like the Rothings, in Essex, 
where quantities of straws are produced but no live stock is kept, 
and yet w’here farmyard manure ought to be used. 

Possibilities of improvement. 

The possibilities of improving bullock manure lie in the following 
directions:— 

1. To make it in a covered yard, having sufficient beasts to 
keep the manure moist. 

2. To put it into the ground as soon as possible after the 
beasts are removed; but, if this is impossible, to make a tight 
clamp and provide some shelter by a layer of earth or by some other 
device. 

To avoid washing by rain or exposure to weather. 

The defects of the clamp, even when compacted and sheltered, 
are xecognked, and science has not yet said the last word as to the 
storage of manure; but for the present it is the only practicable 
method. 

The improvement of manure from cowsheds can be effected:— 

1. By collec^ng the liquid separately in a cement tank. 


* Both at WoJcing and at Garfotifa, however, Collins gives S gallons containing 4 lb. 
of dry matter as the figure for the North. * 
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•2. By storing, the* solid in a covered dungstead, to whi^ 
can also be added manure from the horses. It is necessary to 
compact the heap. Provision must also be made for a tcCnk to ^ 
collect drainage. 

The application of the liquid to the land, however, is a difficult 
problem. The method of distributing the liquid over the farm by 
means of pipes has been tried, but has resulted in* financial loss. 
Something can be done by delivery from carts, but the most helpful 
line is the use of absorbents, which is now being investigated at 
Rothamsted. This is an important problem, and it will grow in 
importance if the soiling system of keeping dairy cows develops in 
this country. 



HtiTTING FliAX IN WATER.* 


Some years ago attention wiis drawn to a method of retting 
flax in water inoculated with a pure bacterial culture. This method 
was described by Professor Giacomo Rossi, Director of the Institute 
of Agricultural Bacteriology in the Royal Higher School of Agri¬ 
culture, Portici, Italy, in an article entitled The Industrial Retting 
of Textile Plants by Microbiological Action,” in the Intermtiofud 
Review of the Science and Practice of AgrienUure (August 1916, 
1067). The process depends on the action of a special aerobic 
bacillus, of wliich the prototype is Bacillm Comesii. In 1915 the 
Society Fran^aise de Rouissage Industrial was founded to work the 
Rossi patent, and a factory was erected at Bonnetable in the district 
of Mamem, Sarthe Department, P’rance, where flax is now retted 
on a large scale. 

At the request of Mr. Philippe Roy, Commissioner-General 
of Canada in France, a visit has been paid to the Bonnetable works 
by Sir. Alfred Renouard, a civil engineer, who has made careful 
observations of all the operations and the*various stages of the 
proceps, and has prepared a report which has lieen pubUshed in the 
WeeUy BuUetin Department of Trade and Commerce, Conmerdal 
IrUdligence Branc\ Canada (1919, XX, No. 803, p. 1185). The^ 
bacterial ferment employed in the Rossi method is an aerobic bacillus 
which is capable of consuming the pectinous matter in which the fibres 
are .embedded, but does not attack the cellulose of .which the fibres 
are composed. There is therefore no danger of the flax being injured 
if the normal time for the completion of the retting is exceeded. 

The method consists essentially of three stages: (1) the im- 
hiersion of the flax straw in water at82-86° F. in suitable vats;. 
(2) the addition of a certain quantity of a culture bouillon of the 

* RwpriBlfml frmn Tkr BidhfHnof (he Ittip. hut., XVll, Nn. 4. 
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, baciUus; and'(3) the passage of a current of air through the water 
, in thd vats^ during the whole of the retting period. * 

The culture are supplied from Prof. Eossi’s laboratoty in 
tubes ready for use in the preparation of the bouillon. The vats 
are constructed of reinforced concrete, and each has a capacity 
of 50 cubic metres (about 60 tons of water) and is capable of 
dealing with 5-5} tons of flax straw. At the bottom of the vat 
and on each side is a branched pipe provided Avith holes, these pipes 
being used for the admission of air. Along the bottom and down 
the middle of the vat is a perforated tube of larger size for the intro¬ 
duction of steam to warm the water. The water enters the vat 
through another pipe, each vat being thus supplied with three sets 
of pipes, each set being controlled by a separate valve, ie., one for the 
air, a second for the steam, and a third for the water. 

The bundles of flax straw are laid flat in the vat and placed 
side by side until the vat is filled. Water is then inti'oduced, the 
flax being held down by wooden strips as it tends to rise above 
the surface, 8teani is introduced to raise the temperature of the 
water to 82-86° F., and the culture bouillon is then added. Air 
is now passed into the vat from an air compressor which delivers 200 
litres of air per minute to each vat. The operation is completed in 
36-40 hours. 

The bundles of retted flax straw are removed from the vats and 
conveyed to the drying ground, where they are spread out on the 
grass. After a few days on the grass the flax is dry and ready to he 
subjected to the breaking pm-ess, but in the winter or during bad 
Weather artificial drying must be practised. At the Boimetable 
works, the artificial drying is effected by spreading the damp*flax 
straw on racks in a specially constructed drying room, and submit¬ 
ting it to a powerful blast of hot air. 

It is stated that the cost of equipping such a retting factory is 
comparatively small and the method of operating is very simple. 
The process is more economical than the so-called hot-water retting, 
methods, and has the further advantage that no change of water is 
mquiied during the operation. After the re'quired temperature has 
beep i^hed by the admission of steam, no further heating is 
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necessary, as the fermentation generates sufficient heat to npiaintain 
^.fche temperature. The water which is run off from the vAts after the 
^ ‘retting is finished is of a pale yellowish colour and is almost free 
from odour. 

After examining the differept grades of flax produced at Bonne- 
table, Mr. Renouard considers that the Rossi process can furnish 
the best possible results from flax straw of any kind which may 
be treated. Moreover, as the process can be checked at any moment, 
the action can be so controlled as to give products answering to all 
the requirements of flax spinners. The yield of fibre amounts to 
about 20 per cent, of the weiglit of the flax straw. 

It is mentioned that the Rossi retting process can also be 
applied to hemp and ramie, and that, according to tests made 
by Prof. Rossi, it appears that Sisal leaves when crushed and retted 
by this method furnisli a good, white fibre of better quality than 
that produced in the usual way. 

In (ionnection with this microbiological retting of fibres, it 
may be mentioned that, according to the hdermtional Iteview oj the 
Semite and Practice of Agriculture (October 1917, 1417, and April 
1919, 477), Carbone and Tombolato liave isolated an anaerobic 
bacillus from the mud of some of the Bologna hemp retting pits, 
which has been termed Bacillus fdsm’iis and is capable of retting 
hemp and other textile plants. This bacillus has been found not 
only in the mud of hemp pits in the province of Bologna, but has 
also been isolated from the mud of two retting pits of Rovigo and 
from certain retting products of the province of Naples, and it 
seems highly prpbable that it is the active agent in the retting of 
Italian hemp. In conjunction with Saccharomyces, the bacillus rets 
hemp stalks in less than 2-| days at a temperature of 98-99° F. and 
has‘been extensively tested in the Italian hemp disteicts. It has 
been shown by Carbone that Bacillus Jelsineus is capable not only of 
retting hemp, but'also of retting flax, ramie, nettle, Furcraea, San- 
§evieria. Agave and many other plants. It always produces a very 
rapid retting and furnishes fine, white, well-separated fibres. 



A NEW THEOKV OF THE ORIGIN OF 8EA ISLAND ('OTTON.* 

« 

Sea Island cotton is generally considered to have originated 
from the West Indian perennial cotton {Gossyjdum. harhadense). 

At a meeting of the Mancheskr Literary and Philosoplucal 
Society held in 1830, Mr. John Kennedy, one of the two founders of 
the present finn of McConnel & Co., Ltd., read a letter (from which 
an extract is given below), which had appeared previously in the 
Charkstoum Courier (South Carolina). 

The writer of the letter (Thomas Spalding of Darien. Georgia) 
states as follows: The Sea Island cotton was introduced directly 
from the Bahama Islands into Georgia, The seed, as T have been 
often informed Iiy respectable gentlemen from the Bahamas, was in 
the first instance procured from a small island in the West Indies, 
celebrated for its cotton, called Anguilla. I'he winter of 1786 
brought several parcels of cotton seed from tJie Bahamas to Georgia; 
among them (in distinct remembrance upon my mind) was a parcel 
to the Governor Tatnall of Georgia, from a near relative of his, then 
Surveyor-General of the Bahamas, and another parcel at the same 
time was transmitted by Colonel Roger Veisall, of Exuma, who 
was among the first, if not the first successful, growers of cotton, 
to my father Mr. James 'Spalding, then residing on Bt. Simon’s 
Island; Georgia. I know my father planted his cotton seed in the 
spring of 1787, upon the banks of a small rice field on St. Simon’s 
Island. The land was rich and wann, the cotton grew large and 
blossomed, but did not ripen to fruit; it, however, ratooned or grew 
from the roots the following year. The difficulty was now over; 
the cotton adapted itself to the climate, and every successive year 
from 1787 saw the long staple cotton extending itself along the 
ehores of Georgia and into South Carolina,” 

• IlBprinlwrt ihm The. iVeuto, Vol. XIX, No, fOS, 
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* During the progress of investigations, on the mode of inheri- 
I t*!ance of characters in cotton, certain facts have come to hand 
» which’ throw considerable light on the way in which Sea Island 
cotton probably originated. 

Briefly, the facts suggest .that Sea Island cotton originated 
from a natural cross between a glabrous broad-leaved West Indian 
Native, with botanical affinities to G. bra^Umise, and some variety 
of American Upland. 

We may accept, as substajitially correct, tfie statement of 
Spalding that the original Sea Island cotton seed came from Anguilla 
. via the Bahamas. In what characters does Sea Island cotton differ 
from indigenous West Indian Native, and by what means were the 
new characters acquired ? It will, perhaps. l)e convenient to smn- 
marize the salient differences l^etween Sea Island, Upland, and 
West Indian Native in tabular form: - 



Sea Island 

Upland 

West Imliaii 
Native 

Uabtt 

Sympoilial 

Sympodial 

.Mununodial 

ilesistauuo tu leaf-bliiiter iQit<; 

Susct'pfible 

Susceptible 

Practieally 




imuiUBe 

Heaistancc to oottou worm .. " . • 


.♦ 

Comparalivelj 




resistant ^ 

Leaf 

Glabrous 

Uauy 

Glabrous^ 

Petal spot 

Present 

Absent 

Present or 

Sunken 


absent j 

Kts in boll 

Suiioriicjal 

.Sunken 

Boll loculi . 

3-4 


2-4 

Lint 

40-5r. m. 

20-25 in. 

, 30-35 in. 

Seed 

Black with 

U'oolly 

Black with 


green tuft 


green t utt 


It will be seen that while Sea Island cotton resembles the coarse¬ 
leaved West Indian Native in many of its characters, it differs from 
it iq being extraordinarily susceptible to the attacks of leaf-blister 
mite and cotton worm, and in its annual or sympodial habit—all 
(A which characters are possessed by Upland cottons. Planted 
anywhere ip the West Indies, and left to itself, Sea Island cotton 
could c^ainly not mamtain itself. It would certainly succumb 
to the prevailing climatic conditions and tp infestatiop -with leaf- 
b&ter mite. Its behaviour is that characteristic of an exotic 
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E3q)ermients have shown that all Wpst Indian Native cottons 
breed true to the monopodial habit, i.e., all nodes on the main axil', 
up to about thirty, produce only vegetative branches. The com¬ 
bination of monopodial habit with great vegetative vigour confers 
on these types their perennial character. Furthermore, Sea Island 
cotton breeds true to the sympodial habit, the first fruiting branch 
being put forth at nodes 8-14. In thousands of plants of both Native 
and Sea Island cottons there has never been the slightest tendency 
observed for the Native to develop the sympodial, or for Sea Island 
to take on the perennial habit. It may be remarked at this point 
that experiments were carried on in Barbados for many years, w^hich 
had for their object the production, by gradual selection, of Sea 
Island from Native. Needless to say, these experiments were doomed 
to failure from the very outset. Selection by itself will not change 
perennial cotton into annual. 

When the monopodial Native is crossed with the sympodial 
Sea Island, or Upland, the F, generation is sympodial. This 
was found to be the case in Leake’s experiments with the correspond¬ 
ing morphological forms found in Asiatic cottons. 

In the second generation segregation occurs into monopodial 
and sympodial, though there is no strict line of demarcation. The 
majority of the plants, how^ever, are sympodial and annual in habit, 
and breed true to this character in this generation cultures. 

Only about one plant in 300 is really monopodial. In a cross 
betw'een a coarse-leaved, glabrous West Indian Native and Upland, 
the first generation jilant^) w'cre, morphologically, almost indistin¬ 
guishable from Sea Island. They possessed the sympodial habit and 
susceptibility to leaf-blister mite of the Upland, combined with 
those morphological characters of the West Indian type which 
cause it to resemble Sea Island. In addition to this, the lint was 
over 40 nmi. in length, and exceedingly fine and silky in texture, 
thus plosely approaching Sea Island in character. 

In the second generation several plants were noted possessing 
the same general likeness to Sea Island. 

We* may thus hypbthetically reconstruct what happened ^hen 
West Indian Native seed was introduced into the United States. 
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The first year.of growth .showed nothing but perennial (monopodial) 
, plants which did not arrive at maturity. If we postulate natural 
> crossing to have taken place when they flowered the following year 
between these types and neighbouring Upland cottons, the natural 
hybrids, being early maturing and long-linted, would attract im¬ 
mediate attention, and the seeds from them would be carefully 
preserved and* planted. Once the sympodial habit was acquired 
selection of the most promising plants could quite conceivably have 
resulted in tohe development of the Sea Island variety as it is at 
present constituted. 

.While this hypothesis has more intrinsic probability as an 
explanation of the origin of Sea Island cotton than any other theory 
yet advanced, it must be admitted that the actual reconstruction of 
Sea Island cotton by this means has not been accomplished in recent 
practice. It must be borne in mind, however, that there exist many 
different strains of West Indian Native which agree in being broad- 
leaved, glabrous, tufted-seeded, etc., but differ in other respects. 
The synthesis of Sea Island cotton could probably only be effected 
as a result of the segregation of some rare gametic combination 
derived from a cross between a special form of West Indian Native 
and perhaps also a special form of Upland. 



Il«t» 

NATALITE. 

In Soxith Africa pioneer work has Ixeen done in the production 
of motor fuel known as Natalite by distillation of the moiaases from 
the sugarcane. It is by no means a perfect fuel for internal com¬ 
bustion engines and the difficulty so far has been to discover a power¬ 
ful denaturant that is both cheap and plentiful. In 1919, the 
Advisory Board of Industry and Science lecomraended that the 
manufacturers of Natalite should l)e given {xermission to manu¬ 
facture a certain quantity of the spirit, using one per cent, of pyridine 
as a substitute for the costly wood naphtha then used. But this 
recommendation was not accepted. The “ Industrial South Africa ” 
now reports that in recent months a new denaturant has been found 
in a petroleum product knowui as Simonsen and the authorities have 
^rmitted its use in the place of wood naphtha. It is stated that 
this product is very efficacious and its presence with pjnridine in 
industrial alcohol fully meets the desired end. In view of the 
urgent need for the production in large quantities of cheap mqtor 
spirit this discovery is of'considerable interest. - [Wynne Saybr.] 

* 

* * . 

GOAT’S RUMEN FOR DIALYSIS. 

With the takii^ up of the work on protein by the Agricultural 
Chemist to the Government of the United Province, much difficulty 
Was eicperienced in dialysis on acciount of shortage in the supply of 
parchment. , • 

Our idea, therefore,* was to find out soinethiug indigenous that 
could advantageoudy be used at the present abnomud time. I 

{ 082 ) 
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Trials were made with the bladders of different animals, but 
, these too did not prove satisfactory. Some of these were ridiculously 
, small; while others were found unsuitable for extensive trials 
owing to religious susceptibility of the laboratory servants and to 
difficulties in obtaining them. . 

Working with the different parts of a goat’s skin the idea struck 
me that a trial should be made with the rumen. 

Most encoiuuging results were obtained with the preliminary 
tests. 

Gk)ats’ rumina are plentiful in India and could lie had in any 
number from butchers at a (3ost of only, about an amia each. 

Preparation of these for dialysis, as has l)een described below, 
does not present any extraordinary difficulty. Some of these are 
big enough to hold a .single charge of more than five litres of liquid; 
moreover, they act very quickly. In actual work, soluble salts 
begin to pass out within a few seconds. When running water is 
used, practically all saline matter is got rid of in about 12 hours. 

Too much care cannot be taken to keep the thing perfectly 
sterile during the whole process. 

Preparation. The rumina as obtained from the butchers are 

carefully cleaned and thoroughly washed. Air is next pumped in 

through the oesophageal orifice which is then oarefuUy tied with a 

piece of string, and the rumina, in the inflated condition, are hung up 

in the sun for .several home to diy. ^\^Jen perfectly dry, air is 

driven out, and the rumina are soaked in milk of lime (prepared 

from beat lime obtainable) and kept immersed in it, with occasional 

« 

turning overi-from 8 to 10 days. These are then taken out, thoroi^h- 
ly wdshed and carefully scraped with a blunt spatula. These are 
then again thoroughly washed and soaked for two days in a 0'5 per 
cent, acetic acid solution. The acid is then washed out and the 
rumina are fit for use as dialysers. [S. C. Banerji.] 

**♦ 

PROSPECTS OF THE WORLD’S SUGAR MARKET. 

The ** Hamb Borsen-Halle,” of June S^th, 1820, contains a mosti* 
intoEsti]^ survey of the position and prospects of the world’s stipr 
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market, from'which we quote as follows: All over the world there k, 
as heretofore, still to be noted a great demand for sugar which m 
very far from meeting with anything like an adequate stipply. 
In those countries where the authorities have fixed the prices, the 
latter have been subjected of late to a .further increase or a considerable 
increase of the prices is in contemplation in regard to the new 
crops. While in the countries where the sugar trade hdd been released 
from control, the prices have, as a natural result of the great 
preponderance of demand over supply, lilcewise gone up to a large 
extent. 

During the first years of the war, the tremendous falling-off in 
the beet-sugar production in Europe was to some extent compensated 
for by an increased production of Colonial cane sugar. But as 
recently as last month it was found neceasary once again to reduce 
the estimates of Clolonial cane sugar; from the end of last year, by 
which time the production had been estimated at 245| mill, zentner, 
it had to be reduced by not less than 11J mill, zentner, thus showing 
the estimate to amount to merely 234 mill, zentner. In tliis way 
the hope of at least partly counterbalancing the great falling off of 
the beet-sugar production has disappeared, especially as it would 
appear that the latter, too, has been greatly overestimated, and the 
figures as estimated at the end of last year would, according to the 
revised returns, have to l)e reduced by exactly 18 mill, zentner, so 
that one would have to count the estimated beet-sugar production 
as merely 69 mill, zentner. 

By a remarkable coincidence, both in regard to beet as well as 
cane-sugar production, it was the two most importairf; countries— 
Germany and Cuba—which were mostly responsible for the necessity 
of revising the figures of the ^timated sugar crops, which only a 
few months ago seemed perfectly justified. The causes which 
contributed to these regrettable disappointments are to be found, 
as regards Germany and the other European countries concerned, 
in the abnormal weather conditions of last autumn, the continued 
coalfanoine, and, last but not least, the lack, as a result of the political 
•unrest, of skilled labour and the reduced productivity. In Cuba, 
too, the weather conditions did not come up to 6iq)ectatioiis,*and 
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labour troubles also came into play here. At any rate, it may justly 
assumed that from the very beginning, whether for speculative 
•reasons or otherwise, a considerable overestimate of the probable 
cane-sugar production has taken place. ' 

However it may, it appears* that the trading year ending 31st 
August, 1919-20^ has proved disappointing all along the line, and 
instead of relieving the general sugar shortage it has rendered it still 
more difficult, as will be seen from the following figures (these were 
produced in million zentners):— 



MH9-20 1 

1 

1918-19 

1917-18 

Uci't sugar in l''uro|)«' 

1 

fjo'To j 

74'75 

84-85 

Hcot sugar in Anirriru 


13 To 

13-90 

Total jn-odui'tion of lurt sugar . . 

imio 

88-JO 

98-75 

Total |>roilui'li4Ui of l anc- sugar fincliidiii" 
Spain) 

2:«i.-> 

239-50 

246-30 

Total workl production 

3o:i-2r> 

327-(i0 

345-05 


Even though the above figures still but represent estimates 
and cannot claini to be regarded, nor should be regarded, as exact, 
nevertheless, they graphically depict the general position of the 
world’s sugar supply during the years following the oflTicial conclu¬ 
sion of the world war. Demand and supply exceed the production 
by innumerable million zentners, and under these circumstances 
sugar is likely to remain for some years to come a rare product, and, 
as compared with the pre-war low prices, will be extraordinarily 
dear, even when the exchange in the various countries will gradually 
have rcassumed normal conditions. {Production and Export, 
July 1920.] 

♦ 

* ♦ 

THE USE OP TRASH IN THE CULTIVATION OF RATOON CANES. 

^ Experiments to test the value of piling the trash on the banks 
betvteen rows of ratoon canes have been carried out on a plantation 
in Hawaii, the results of nrA rAnArlArt in “ 'R'n.ftf.s ahnnt, Snorar ” 

January 24, 1920. 
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In one experiment two varieti^ of cane were treated, namely, 
H. 109 and D. 1135, both ts second ratoons. * 

i 

Immediately after the cane was cut, the trash was piled around* 
the stool, and not covered with soil in any w^ay. In the no-trash 
control plots the trash was removed completely. In all other .res¬ 
pects the plots received identical treatment. ^ 

As a result both varieties of cane produced less cane and less 
sugar from the trashed plots. The difference in sugar was caused,- 
not by any very great difference in weight of cane produced, but by a 
distinct difference in the quality of the juice. In all eases the juices 
from the trashed plots were poorer than tiiose from the no-trashed 
plots. 

From these results it would seem that, trasli, when not buried, 
is not as valuable as had teen supposed, at least under Hawaiian 
conditions where irrigation is extensively employed. Under such 
conditions the particular value of trashing cane fields as recognized 
in West Indian cane, cultivation would be minimized. The value of 
the trash piled on the rows, as is the usual custom in the West Indies, 
ia that of a mulch for conserving soil moisture and keeping down 
the growth of weeds. As a fertilizer its value is not great. [Agri- 
cuUural News, dated April 3, 1920.] 

* 

* * 

SEED-RATE OF SUGARCANE. 

When one talks of, agricultural improvement to an average 
cultivator the latter at once takes it to mean grfeater production and 
an increased yield per acre. But a higher gross return does not 
always result in an increased net profit, as the latter very much 
depends on the initial outlay. To reduce the cost of cultiAtion 
.without in any way sacrificing the outturn and to obtain a heavier 
yield without in any way materially increasing the cost of cultiva¬ 
tion, do form the two chief methods of increasing the net returps 
hrom a.ny crop. It is intended in this short artfcle to show how4he 
formes way is possible and practicable in the case of one item in 
Sugarcane cultivation, viz., seed rate. 



NOTES 


687 


• Sugarcane is one of the most important irrigated crops of the 
•Bombay Presidency and with the opening of new canals its culti- 

• vation is extending rapidly. The local system of cultivating it is 
too costly and too wasteful of labour and capital and very often not 
sufficiently paying. The new Manjri method is a distinct advance 
on the local sys|;em in point of economy of labour and capital required 
as bullock power can to a large extent be substituted for manual 

. labour and the operations done more economically and in 
time. 

Seed-rate is one of the c ostly items in cane cultivation, and in 
years following a severe drought enough sets are difficult to obtain, 
and even if available do sell at abnormally high rates, as was the 
case in the last planting season. Thus any saving effected in this 
connectioji is useful. 

The local practice is to plant 16,000 to 18,000 sets per acre; 
in some cases sets from whole canes are used and in others only the 
top sets : the seed-rate, however, being the same in both cases. 
The sets from an average Pmidia cane are usually each about one 
foot in length (each set possessing 3 eye-buds). Thus when they 
are planted end to end, as is usually done, as many sets are required 
as there are lijiear feet in the row's to be planted. In the local 
method cane is planted in fuirows two and a half feet apart, and 
thus the total linear length of the rows in one acre is 17,424 feet, 
demanding on an average 16 to 18 thousa nd sets per acre, a slightly 
heavier or smaller seed-rate being used according to the length of the 
sets. When the new Manjri method w'as introduced, the distance 
between two rows w%s doubled and hence the linear length of rows 
of cane actually planted came to be only 8,712 feet. If sets are 
planted end to end, only 8,000 to 9,000 sets would suffice for an 
acre,’which would be half of that used formerly. Thus cultivators 
were in the beginning rather shy to take up this method and its 

• seed-rate, and even when some did so they followed everything but 
tlje seed-rate, the tendency being always towards a heavier one. 
The experience at Manjri for the last five years has, however, 
proved beyond all doubt that the reduced s^-rate does not at all 
adversely affect the tonnage. 
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But this, fact suggested a series of experiments tp determine 
the optimum seed-rate for Pundia cane in medium black soils of t^e 
Deccan and the conclusions drawn below are mostly based on worl? 
done in 1917-18 and given on page 26 of Bulletin No. 90 of the 
Department of Agriculture, Bombay Presidency, and quoted below 
in part for ready reference. 


Statement. 
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The following remarks on the statement arc tentative until 
further data are available. Vet the figures arc very illustrative. 
The seed-rates tried were 6,000,9,000, and 12,000 sets per acre. The 
germination obtained was 47'5, 48'9, 58‘0 per cent, respectively, 
giving thus an original stand of sprouts at 0'98, 15, and 2‘4, 
respectively, per linear foot in the three cases. This shows that 
there was a distinct start in favour of the heavier seed-rates. 
The cultivator usually believes that a heavy stand at start means 
a heavy outturn in the end; we shall see ‘ if facts bear this 
supposition out. 

It is the natural tendency of cane to produce underground 
branches or tillers as they are usually failed. This characteristic 
is more marked with some and less in other varieties, generally the 
thin and reed-like varieties tillering more profusely than the thick' 
types. The local cane, viz., Pundia, is, however, a heavy tillejer 
and, given proper conditions of space, aeration and soil-moisture an<l 
heat, ‘it is not uncommon to count 25 to 30 canes in en^ stool. 
*In the reduction of seed-rate it is this factor that is taken advantage 
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of> the aim being to put in the minimum seed-rate and secure the 
•riiaximum number of mature canes. 

I Tillers begin to appear after about six weeks from the date of 
planting and the process,goes on up to about August, when the 
main growth shades the ground and crowds out any tillers that 
may try to come up. 

The counting in August gave per linear foot a stand of 4‘3, 
5'6 and 4'5 shoots, respectively, and thus improved the original 
start by 3’35, 4'1 and 2-1, respectively, in the three cases, the smaller 
seed-rate of 6,000 sets having liad more tillers than that of 12,000. 
In fact “ suckering depends largely upon the room, the greater the 
distance apart the greater the number of suckers.” 

Of these if we calculate liow many did actually develop into 
mature canes (supposing that ail tlie mother sprouts grew into ripe 
canes), we find a larger percentage of these with the less seed-rate, 
there being a complete jrrowth of o9'4, 33'0 and 16'8 per cent., 
respectively. 

Following the matter further it will be seen that, at the time of 
harvest, for every linear foot the three seed-rates gave 2’97, 2'52, 
and 2‘75 number of canes. The weights of individual canes were 
on an average 3'8 lb., 4-5 lb., and 4'09 lb., respectively, i.e., the 
yield in cane per linear foot in the row was 11-32 lb., 11-52 lb., 
and 11-25 lb. in the three cases, the tonnage varying in the same 
proportion. The small variation in the outturns is well within 
experimental error. 

It is possible to estimate a general principle from the above 
data. With an original stand of one shoot per linear foot in rows 
opened five feet apart, the outturn obtained is satisfactory, and 
thus it would be enough if a germination of 8,712 eye-buds is 
secured per acre. Taking the average gennination of 70 per cent., 
and making allowance for the eye-buds that fail to germinate, a 
seed-rate of 12,445 buds or 4 148 sets of three eye-buds each should 
^juffice for an acre. Experiments are in hand at the Manjri Farm in 
that direction andh. seed-rate of 4,500 sets per acre is being tried. 

,Thi8 reduction in the seed-rate would fnean a saving aver the • 
local see4-rate of at least Es. 58 per acre at Rs. 5 per thousand seta, 
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a rate cornmcfe in normal years, or iRs. 140*6«0 ^ tlieiXatas 

current in the'last planting season of 1920. 

Then why is a heavier seed-rate put in by the cultivator 5 
The first reason is his diffidence in the final outturn ; secondly, the 
local method of planting in beds having furrows only 30 inches apart 
uses up a large seed-rate ; thirdly, the absence of selection of sets 
from the top third of canes only, the lower part of cane giving always 
a very poor germination {see Mr. Mahajan’s article in the Poom 
AgrkttUural College Magazine, Vol. VII, No. 2, page 93); fourthly, 
improper planting of sets without seeing whether the eye-buds are all 
placed to sides brings down the germination figure considerably 
{see Leaflet No. 8 of 191.5, of the Bombay Agricultura! Lepartmeut); 
fifthly, improper tillage and bad irrigation which retard and often¬ 
times seriously affect the germination; sixthly, the planting is often 
much delayed by the cultivators up to late in summer when the 
cane-borer is active and kills manv of the shoots and thus reduces the 
number of useful sprouts. 

If proper care is taken in the selection, planting, and after-care 
of the sets and the planting done in the proper season, a good 
germination of at least 70 per cent, may easily be secured. [V. S. 
Kulkarni in the Pootm Agric. College Magazine, Vol. XI, No. 4.J 

* l|C 

TREATMENT OF WOUNDS OR TREES. 

Thk “ Journal of the Jamaica Agricultural Society,” December 
1919, has a note on the treatment of the wounds made after pruning 
trees. There are many* different preparations which have been 
rwommended in diflerent parts of the world for dressing the cut 
surfaces made in pruning trees. The wood of these wounds, if left 
untreated, especially in the case of trees whh soft wood, like that of 
cacao, easily decays, and affords entrance to insect and other pests. 
The Supervising Agricultural Instructor, Mr. Cradwick, in a long 
experience in Janmica, has found that common gas tar is the best 
and by far*the cheapest preparation for the purpose. But it must, be 
,«sed fawperly, not merely daubed on, but paintfed on and rubbed 
WeU as if polishing a piece of furniture. The wound is thus 



mter-proof and disinfected. [Agrirndturd Newi date«l April 

^ 1920.] 

* 

* Hi 

• MEW IMPLEMENTS AT THE ROYAL SHOW. 

•* 

There is no longer any question that the British farming com¬ 
munity, which *lia8 in the })ast always been considcroj so retrogressive, 
is now being converted whole-heartedly to the more general employ- 
tuent of machinery for all purposes in connection with (;ultivation. 
Nothing was more striking in the Royal Show (the 79th of its type 
which was recently held at Darlington) than the grcitt imerest that 
was shown iti the Imgc numltore. of new ttyx-.s and classes of niachmery ■ 
designefl essentially for labour saving and for more intensive culti¬ 
vation. It is not suiprising to iind a fair number of imctcas exhibited, 
since these are becoming more and more popular among fanners 
through the whole'world, and these are mo.stly similar to those which 
were entered for the trials at Lincoln. Several examples of Fordson’s 
were to be seen as well as Austin’s, these tAvo lieing perhaps the most 
popular chusses in use. probably owing to their lelatively low price. 
The Blaekstone tractor was of special interest, as it is the only type 
which will run directly on kerosine, all tlie other's having to start on 
petrol. This is accomplished by having a compressed air self-startei', 
and another feature of interest in this machine as well as in that 
known as the Martin, built by the Martin Cultivator Co., of Stamford, 
is that chain tr-ack construction is adopted. 

Many of the leading American tractor’s were to Ire seen besides 
the Fordson and some of them are listed at a, very reasonable price. 
For instance, the Emerson with a 20 h.p. motor is sold at £495, 
whilst the Titan is £437 and the International £280. One of the 
best* known and most successful British tractor's is the Sanderson, 
built at Bedford, and fitted with a 25 h.p. engine, having three speeds’ 
forward and a reverse. It has one or two specially useful features 
induding a winding drmn, whilst the provision of a tool box in front 
(S^the radiator forms a protection, which is specially useful when the 
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tractor is driven by an unskilled man. Needless.to say, these 
machines are arranged to act as stationary engines when required, driving 
any of the usual classes of farm machinery or, if necessary, centrifugal 
pumps, dynamos, etc. Even the Fordson, which is the cheapest, 
tractor to be obtained, has provision for this work, being fitted 
with a detachable pulley. A new and apparently useful self-con¬ 
tained motor plough is exhibited by John Fowler and do., fitted with a 
small two cjdinder engine, the total price being £360. This is, 
however, only a light machine and must not be compared with some 
of the more heavily built tractors. It is intere.st ing to note that the 
well-known pump manufactiirmg fimi, Worthington Simpson, 
Ltd., are now building a motor driven tractor, but it was not com¬ 
pleted in time to be exliibited at the Show. 

Another well-known firm to enter this field of construction is 
Peter Brotherhood, Lt<l., who show for the first time a powerful 
heavily built tractor fitted with a new engine of 35 h.j>. of the four 
cylinder electric ignition tyj)c with cylinders 4| inches bore and 5| 
inches stroke, and running at al>out 600 r.{).ni. This is quite noyel ajid 
is worth desc;ribing in detail. Instead of the ordinary .side by side 
valves, overhead valves are fitted as in some tyj)es of 1920 motor 
cars operated by means of long vertical push rods. The pistons are 
made of ahuniniimi which is entirely new foi- such work, although it is 
being more and more a^lopted in internal combustion engines for 
other purposes, and the motor is designed to start on petrol and run 
continuously on kerosine. The only criticism one can make is that 
the engine looks too high class for its work. All the parts arc totally 
enclosed, a cover being fitted over the overhead valves, and the ball 
bearings are used tliroughout. There is no doubt tiiis is an excellent 
machine, but its price is probably high. It weighs about 2j tons 
and has a draw bar pull on high gear of 2,800 lb, • 

In view of the increasing use to which stationary oil engines axe 
now being put on farms and plantations, it was not surprising that 
several of the latest designs were exhibited. Perhaps the most inter¬ 
esting were the Blackstone and the Crossley ertgines, both of the 
^horiisontal tjrpes with all the new features which were brought out 
by these two firms a short tune ago. Both engines start up from 
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sold without any previous heating and will run on tlhe heaviest oil 
•with a fuel consumption of about half a pound per b.h.p. hour. The 
Blactstone engine shown is one 75 h.p., whilst the Crossley set 
, develops 40 ii.p. and there is little question that this class ol motor 
will become increasingly popular for ordinary stationary work. 

As a contrast the Vickers Pettei-s semi-Diesel vertical engine 
represented quite a different tyj)e, two of 35 h.p. being exhibited of 
the latest design. Another exhil)it of considerable interest by 
Fetters was a series of their Fetter Junior two-stroke oil engines 
whi<‘]i are specially adapted for use in India in connection with 
pumping and lighting sets l)eing built in sizes up to about 8 b.h.p. 
and running on paraffin. An application of one of the smaller sizes— 
a 2| h.p. set -which should be of considerable mterest in India is its 
use for driving a very heavy roller. The drive is biken through a 
belt and the roller can Ire controlled very simply and easily, a wheel 
Ireing fitted for steering whilst there is also a foot brake and a belt lever 
for use when starting and reversing. Another motor driven roller 
very.u.seful for road and similar purposes is the Barford and Ferkins 
wliicb has already been used in India. Two types are available, one 
weighing 12 and the other 10 tons when empty, whilst in addition 
two Ions of water baJhusl can be added. They are driven by 
means of ordinary electric ignition motors started on petrol and 
running on paraflin. 

One of the gn>atest novelties was an entirely new motor windlass 
8y.stem for ploughing and cultivating which htis been brought out by 
J. and H. McLaren, Ltd., of Leeds. It is designed essentially for 
cultivating uTcas ()f moderate dimensions. The • principle is new as 
the ’macdiine consists of a four cylinder engine, the power from which 
is taken to a large windlass mounted on the chassis. The machine 
it^lf remains stationary during operation and draws the plough or 
cultivator over the laird, which method, it is claimed, gives a higher 
efficiency than with the ordinary system of motor tractors or self-, 
^contained motor plouglis. The machine is mounted on four wheels 
and can be used for ordinary traction if required. It looks a power- 
fulj well-built plant and the motor is, of ’course, provided with the 
usual belt pulley for driving other machines when needed. 
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A notable future of the Show TOfU the enonnqais ^»c» dbcupiwl, 
by the Agricultural and Gene^ Engmeers, Ltd., the oomlaiiatioa of 
eleven of the lai^t agricultural and engineering firms which* was 
effected a few months ago. This concern has just taken very large 
London show-rooms and headquarters in Kingsw'ay, Loudon, where 
the whole business will be centralized. It is thought that by this 
concentration on the commercial side very great ecoSomy will be 
effected and that, in the agricultural engineering industry, Great 
Britain, will, therefore, thus be enabled to meet any competition 
that may arise in the course of the next few years. [Bnffliskn'ian, 
dated 7th August, 1920.] 

» 

* * 

COTTON GROWING IN MESOPOTAMIA. 

In view of the present scarcity in the supply of cotton, the 
attempts now being made to establish cotton growing on a large 
scale in Mesopotamia are of particular interest. Cotton has been 
grown in Mesopotamia from very ancient times and is still cultivated 
in small quantities by the Ar,»,bs in conjunction with food crops 
along the banks of both the Tigris and Euphrates. The fibie is 
used locally for spinning and as a stuffing material for pillows and 
mattresses. The country possesses a soil and climate favourable 
to the production of large yields of excellent cotton and in course 
' of time it should add materially to the Avorld’s supply. 

Since 1917 experiments have been conducted by an expert 
from the Indian Agri(mltural. Sei viee with a view to discovering 
the most suitable kinds b) grow, and the results of the work done 
in this connection and the prospects of establishing a cotton growing 
industry are fully dealt with in the “ Bulletin of the Imperial 
Institute,” (Vol. XVIII, No. 1, .Tanuary-March 1920). So far, 
American types of cotton seem to be the most suitable for cultivation 
in Mesopotamia. The members of a deputation of the British 
Cotton Growing Association, which visited the cotmtry towards 
the end of last year, were very favourably impressed with its 
possibilities for. cotton production. 
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The acreage which will eventually be planted with cotton in 
. ^tfesopotfunia will depend on the quantity of labour available Mid 
the area on which a perennial supply of water can be guaranteed. 
, It seems likely that a total of 150,000 to 200,00(* acres could be 
cultivated annually by the existing population if the necessary 
facilities, in regard to agricultural machinery, transport, etc., 
were provide(i. At a low estimate this area should produce from 
15 to 20 million pounds of cotton yearly. 



PERSONAL NOTES, APPOiNTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


We arc indebted to Mr. A. C'. Dobbs, Director of Agriculture, 
Bihar and Orissa, and Mr. K. G. Kilby, CM.E., I.C’.S., District 
Magistrate and C'ollectoj-, Darbhanga, for the note on the late 
Mr. Hewlett appearing in this issue. 

* 

»< * 

Mr. W. McRae, M.A., B.Sc., F.L.S., Officiating Imperial 
Mycologist, Pusa, has been made suljstantive pro tempore in that 
appointment, vice Dr. P]. J. Butler, M.B., P'.L.S., on deputation, 
with effect from the 22nd September, 1920. Mr. McRae has also 
been appointed substaiitively pro tempore Joint Director of the 
Agricultural Research Institute, Pusa, from the same date. 

* 

♦ * 

Mr. M. Wynne Sayer, B.A., Supernximerary Agriculturist, 
Pusa, has been appointed to officiate as Imperial Agriculturist, 
Pusa, during the absence on deputation of Mr. G. S. Henderson, 
N.D.A., N.D.D. 

* 

♦ * 

Major W. R. G. Atkins, D.Sc., has been appointed Indjgo 
Research Botanist in the Imperial Department of Agriculture 
in India, with effect from the 2nd October, 1920. 

* 

* * 

Mr. R. C. Broadpoot, N.D.A., Superintendent, Central Farm, 
Coimbatore, has been appointed to act as Deputy Director of 
Agriculture, VI Circle, Madura. 

( 696 ) 
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Mr. D. Ananda RaOj B.Sc.j Acting Professor of Agriculture, 
^gricultiiial College, Coimbatore, has been appointed Acting 
Professor of Agriculture and Acting Superintendent of Central 
, Farm, Coimbatore. 

♦ 

* * 

Mr. F. ir. T. Newland, Government Agricultural Engineer, 
Madras, has been granted an extension of privilege leave for two 
months. 

* 

* 

Mr. W. M. Schutte, A.M.T. Mech.E., M.R.A.S.E., Agricultural 
Engineer to Government, Bombay, has been granted combined 
leave for three months. Mr. C. G. Paranjpe officiates. 

* 

* * 

Mu. A. D. McGregor, M.R.C.V.S., 0%. Superintendent, 
Civil Veterinary Department, Bengal, has been granted combined 
leave for six months. 

♦ 

He 4! 

Mr. M. M. Mackenzie, Superintendent of the Sipaya Farm, 
has been granted privilege leave for one month and seventeen days. 

* 

* >ic 

Captain U. W. F. Walker, on being appointed to the Indian 
Civil Veterinary Department, has been attached to the office of the 
Chief Superintendent, t'ivil Veterinary Department, Punjab, for 
training. 

* * 

' Mr. J. St. C. Saunders, I.C.S., has been appointed to hold 
charge of the offices of Director of Agriculture and Registrar of 
Cb-operative Societies, Burma, as a temporary measure, during the 
absence, on combined leave, of Mr. C. R. P. Cooper, I.C.S., or until 
further ordem. 

% 

4 > « 

‘ Mr. C. J. N. Cameron, M.R.C.V.S., D.V.H., Third Superin- 
tepd^t, Civil Veterinary Department, Burma, has been grante4 
combined leave for one year, with effect from the 8th August, 1920. 
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Mr. a. O.’Birt, B.Sc., Deputy Director of Agriculture, Assam, 
has been grants an extension of furlough for fourteen days from* 
the 23rd October, 1920. 

★ 

♦ * 

Mr. J. S. Garewal, M.R.C.V.S., has been appointed 
Superintendent, Civil Veterinary Department, North-lVest Frontier 
Province. 

* 

♦ ♦ 

The Mycological, Entomological, Chemical and Bacteriological 
Sectional Meetings of the Board of Agriculture in India will be 
held at Pusa on the 7th February, 1921, and following days. 

♦ 

♦ * 

The eighth annual meeting of the Indian ik-ience Congress will 
be held in Calcutta from 31st January to 5th February, 1921. 

His Excellency the Right Honourable the Earl op 
Ronaldshay, G.C.I.E., Governor of Bengal, has consented to be' 
Patron of the meeting, and the Hon’ble Sir Rajendra Nath Mookerjea, 
K.C.I.E., will be its President. 

The Sectional Presidents will be :— 

Agriculture and Applied Botany. Mr. S. Milligan, M.A., B.Sc., 
Agricultural Adviser to the Government of India, and Director, 
Agricultural Research Institute, Pusa. 

Physics and Malhenudics. Mr. J. H. Field, M.A., B.Sc., Director, 
Aerological Observatory, Agra. 

Chemistry. Dr. H. E, Watson, Indian Institute of Science, 
Bangalore. 

Botany. Professor Birbal Sahni, Punjab University, Lahore'. 

Zoology and Ethnography. Dr. F. H. Gravely, Superintendent, 
Goveriunent Central Museum, and Principal Librarian, Connemara 
Public Library, Madras. 

Geology. Professor D. N. Wadia, M.A., B.Sc.', Prince of Wales 
College, Jammu. 

Medical Research. Lt.-Col. J. W. D. Megaw, M.B., I.M.S., 
Principal and Professor of -Pathology, King George’s Medical College, 
Luclcnow. 
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Cow-Keeping in India.—By Isa Tweed. Fourth Edition. 

(Calcutta: Thacker, Spink & Co.) Price, Bs. 7-8. 

This is a new edition of a well-known work largely relied on 
in the past by private owners of dairy cattle in India. The book 
does not pretend to deal with Indian dairying as an industry, but it 
gives sound practical advice and should be of assistance and interest 
to all concerned in dairy farniing in tliis continent. After dealing 
briefly but accurately with the varioiis breeds, or so-called breeds, 
of dairy cattle in India, the author goes on'to give advice concerning 
the purchasing of cows, and follows with a chapter on the good 
points of a dairy cow. The next chapter deals with feeding, and 
here perhaps the author does not sufficiently impress on his or her 
readers the paramount importance in India of the growing of fodders 
specially suitable for milch cows. Compared with world conditions 
purchased fodder in India is invariably very expensive whereas the 
concentrates are comparatively cheap. 

- Chapter VI of the book deals with housing and utensils, and here 
the details given -of buildings do not agree with the most modern 
ide^ as to the design and construction of cow-sheds for large numbers 
of animals in India. 

’ We do not at all agree with the recommendation in Chapter VIIl 
that cows should be bathed once or twice a week in the hot weather 
and monthly in the cold season. The cow-owmer in, say, Peshawar 
^ or Quetta, who Attempted to,bathe his cows in the middle of winter 
would, we think,' only do so once. 

Ip dealing with breeding bulls aud bullocks, the author 
quotes various authorities and generally follows sound lines, and 
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the book is a l-eally useful reference manual in regard to^the serving 
of cows, barrenness in cows, determination of age of cattle, rearing, 
of calves, castration of male stock and the treatment of cows during 
and after parturition. 

A great deal of sound informatiop is given concerning the com¬ 
position and treatment of milk, cream, butter, ghi and native 
cheese on a small scale. * 

The work contains extracts from the published opinions of 
various so-called experts on dairy matters, some of which appear 
to have been written many years ago, and consequently are 
somewhat out of date in the light of current experience. 

Book TI is a store-house of useful information concerning the 
diagnosis and treatment of cattle diseases. 

The illustrations arc poor, being evidently reproduced from 
wood blocks. (Surely the publi.shers could have given the public 
reproductions of photographs of actual animals in illustrating the 
various breeds. [Wm. S.] 

= 1 -- 

* * 

Charcoal as a Wonderful Fertilizer —By G. B. Set, B.A., F.B.H.S., 

Ivy Nursery Gardens, Calcutta. 

The author has found that the addition of charcoal to the soil 
greatly helps the germination of vegetal)le and ilower seeds, ('uttings 
also strike very readily in a soil containing charcoal. Again, such 
plants as violets and crysanthemums, which ordinarily do not 
thrive during the rains jn Lower Bengal, continue to grow with 
astonishing rapidity when charcoal is mixed with' the soil. Roses, 
geraniums, verbenas, lavenders, etc., are pjotected from the effects 
of heavy showers, and vegetables are found to grow with 
exceptional vigour, yielding crops larger in amount and better lin 
quality when charcoal is present in the soil. In the case of 
winter annuals, the flowers appear earlier and possess more vivid 
colours. Similarly, fruit grafts are also much benefited when. 
a moderate amount of charcoal is maintained in the soil. 

• .The most interesting*experiment conducted by the ftuthoT 
the one with a mango tree. This tree, while having a healthy and 
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widespread growth, -used to bear a very poor crop of frtiits. Various 
manures had been applied in previous years, but these had failed to 
produce any effect. When, however, the ground near the roots was 
dug up with special care to avoid injury to the primary roots, and 
the excavation filled up with manured soil mixed with charcoal, 
there was a marked improvement. A crop of 670 ripe mangoes was 
obtained as against 30, the average yield of the previous six years. 

But while the experiments performed by Mr. Set are of great 
interest and deserve attention, the same cannot be said of the 
“ explanations ” advanced by him as to the function of charcoal 
in the soils. His arguments do not appear sound. For example, 
in accounting for the production of vividness of colours of flowers, he 
states that charcoal “ possesses greater efficiency in carbon 
assimilation ” and that “ by a complete adsorption {sic) of sunlight, 

. the transmission of the sun’s full energy to the 

protoplasm is obvious and distinct.” 

In our opinion the beneficent action of charcoal is mainly to be 
attributed to the improvement brought abbut in the soil conditions. 
Charcoal rectifies the stiffness of clay soils and affords better 
drainage facilities. The aeration factor also is very largely modified 
on account of the porosity of the charcoal and its capacity to occlude 
large amounts of gases. Owing to the establishment of better 
sanitary conditions within the soil, healthier and more vigorous root 
growth ensues, resulting ultimately in an improvement of the whole 
plant system. 

It is a hopeful sign that experienced horticulturists like Mr. Set 
are now taking up practical investigations on the subject of plant 
growth. [J. 8.] 






MANURING OF ORANGE PLANTS. 

To The Editor, 

The Agriadtural Journal oj India. 

Sir, 

In Vol. XV, Part V (Sept. 1920), oi the Agricultural Journal oj 
India, pp. 511-613, Mr. K. P. Shrivastava, Offg. Economic Botanist, 
Central Provinces, describes a manurial experiment on orange trees. 

It would greatly interest me and other readers if the author 
would give the following additional information: 

(1) At what distance apart were the trees and lines of trees in the 
experiment ? 

(2) Did each line get a separate manurial treatment ? 

(3) What precautions were taken to ensure that the trees of one 
line were not being fed partly or wholly by the manure given to the 
adjacent line ? 

Yours faithfully, 

College of Agriculture, Poona : ) W. Burns, 

Se'pt. 20, 1920. > Economic Botanist to the 

' ) Govt, oj Bombay. 



NEW BOOKS 


ON AGRICULTURE AND ALLIED SUBJECTS 


1. General Botany for Universities and Colleges, by Prof. H. D. 

Densmore. Pj). xii + 469. (Boston and London ; Ginn & 
Co.) Price, 12^. 6d. net. 

2. Types arid Breeds of Farm Animals, by Prof. C. S. Plumb. 

Revised Edition. Pp. viii-1-820. (Boston and London : Ginn 
& Co.) Price, 16s. 6d. net. 

3. Butter and Cheese, by C. W. Walker Tisdale and Jean Jones. 

(Pitman’s Common Commodities ajad Industries.) Pp. ix-f 
142. (London: Sir Isaac Pitman and Sons^ Ltd., n.d.) Price, 
2s. 6d. net. 

4. The Sugar-Beet in America, by Prof. F. S. Harris. Pp. xviii-j- 

342-f xxxii plates. (New York: The Macmillan Co.; London: 
Macmillan and Co., Ltd.) Price, 12s. net. 

5. Cytology with Special Reference to the Matazoan N.ueleus, by 

W. E. Agar. Pp. xii-f-224. (London : Macmillan & Co., Ltd.). 

6. Industrial Alcohol, by Robert N. Tweedy. (Co-operative 

Reference Library, Dublin.) Price, Is. net. 

7. Forage Crops in Denmark. The Feeding Value of Roots, 

selected Strains of Roots and Grasses, Guarantees in the Trade 
of Seeds. Pp. 100. (London: Longmans Green.) Price, 6s. net. 

8. Stories for the Nature Hour, compiled by Ada M. Skinner and 

Eleanor L. Skinner. Pp. 253. (London : George G. Harrap 
& tlo.) ■ I^ce, 58. net. 

9. A Manual of Elementary Zoology, by L. A. Borradiaile. Third 

Edition. Pp. xviii-f616-fxxi plates. (Londoii: Henry 
Frowde and Hodder and Stoughton.) Price, 18s. 

( 703 ) 



704 AGRICULTURAL JOURNAL OP INDIA [XV, VI. 

10. Wild Creatures of Garden and Hedgerow, by Frances Pitt 

Pp. ix4-285. (London: Constable & Co.) Price, 12s. net. 

11. A Handbook of Phyaics and Chemistry, by H. E. Corbin and 

A. M. Stewart. Fifth Edition. Pp. viii-f496. (London: J. 
and A. Churchill.) Price, 16s^ net. 

12. Pyrometry, by Chas. E. Darling, F.T.C. Second Edition. 

(E. &F. N. Spin, Ltd., 67, Haymarket, London, S. W. 1.) 
Price, 10s. 6d. net. 

13. The Manufacture of Alcohol from Molasses and Cane Juice, 

by J. Magne, Chemical Engineer, 36, Morgan Boub^erad, 
New Orleans, La., U.S.A. 

14. Grasses and Pushes and How to Identify them, by J. H. Crab¬ 

tree. Pp. 64. (London: The Epworth Press, n.d.) Price, 
Is. 9d. net. 

The following publications have been issued by the Imperial 
Department of Agriculture since our last issue 

Memoirs. 

1. Some Aspects of the Indigo Industry in Bihar. Part 1.—The 

Wilt Disease of Indigo. Part II.—The factors underlying 
the Seed Production and Growth nf Java Indigo, by 
Albert Howard, C.I.E., M.A., and Gabrielle L. C. 
* Howard, M.A., with the assistance of Chowdhury Earn 
Dhan Singh and Maulvi Abdur Eahman Khan. 
(Botanical Series, Vol. XI, No. 1.) Price, E. 1-2 or 2s. 

2. New Indian Gall Midges (Diptera), by E. P. Felt, and 

Description of a Ehinocyphine Larva from Shillong, by 
Major F. C. Fraser, I.M.S. (Entomological Series, 
Vol VII, Nos. 1 and 2.) Price, As. 12^or Is. 6d. 



LIST OP AGKICULTURAL PUBLICATIONS IN 
INDIA FROM THE 1st FEBRUARY 
TO THE 31st JULY, 1920. 


No. , Title Author Where published 


OBNBRAL AORICULTURB 


1 Tile AgfkiiUund Journal v> 

1 India, Vol. XV. Parts 11, 111 

1 & IV. Price K. 1-8 or 2s. 

I ]jur }>arl : amumi subscriptiou 
j Its. 0 or 9v. tid. 

Edited by the Agricul¬ 
tural Adviser to tlie 
Government of India. 

• 

Messrs. Tliacker, Spink & 
Co., Calcutta. 

! The Orange : A Trial of Stocks 
at IVshaaar. Pusu Agricul- 
t uiul Research Institute 
Bulletin No. 93. Price As. (i. 

W. Robertson Brown, 
Agiicultural Ofticcr, 
North-West Frontier 
Province. 

Government Printing 

India, Calcutta. 

Motor Tractors at Lincoln 
Trials (free). 

Issued from tiie Agri¬ 
cultural Research 

Institute, Pnsa. 

-Ditto. 

1 Agricultural Statistics of India, 

! 1917-18. Vol. 1, Price 

j Its. 2, 

Issued by the Dejiart- 
ment of Statistics, 
India. 

Ditto.. 

Agricultural Statistics of British 
India, 1018-19. Price As. 4. 

Ditto. 

Ditto. 

RoiKirt on the Production of 

1 Tea in India in the Calendar 
j Year 1919. Price As. 8. 

Ditto. 

Ditto. 

! Estimates of Area and Yield of 
Priueijial Crops in India, 
1918-19. Price As. 8. 

Ditto. 

Ditto. 

Palm gul manufacture in the 
Bombay Presidency. 
Bombay Department of 
Agriculture Bulletin No. 93. 
Price B. 1-3-9. 

V. 0. Gokhale, l. Ag., 
Deputy Director of 
Agriculture, Koukan. 

Yeravda Prison Prass, 
Poona. 

Season end Crop Report of 
tile Bombay Presidency for 
th# year 1918-19. 

Issued bv the Dejiart- 
ment of Agriculture, 
Bombay. 

Government Central 

I’ress, Bombay. 

Cambodia (5otton. Madras 

Departnient of Agriculturo 
Leadet No. 4 of 1030. 

S. C. Sampson, B. sc.. 
Deputy Dlret^tor of 
Agriculture, V is VII 
Circles, Madras, 

Government Press, 

Madras. 

> 








AGi&CULTUIUI. JOURNAL OP INDIA 
LIST OP AGRicULTDBAL PDBLICATIONS-eo»«, 


[XV, VI. 


N.>. 

Title 

.Author 

Where published 


^ • 

General Agriculture ^ oonU}, 


11 

Cultivation of J'amboilia Cotton 
in Cecletl Districts. Jlatlraii 
Departiuent of Agriculture 
Deattet No. 5 of 1920. 

S. Uamasami Pillai, ; 
Assi.stant Direetiir of 
.Agriculture, 11 & III 
Circles, Madras. 

Qoveruraent Press, 

Madras. 

12 

Note on Sugarcane Cultivation 
lor the use of the ryots 
in North Arcol, South 
Arcot and Chittore Districts. 
Madras Dc'paitmcnt of 

Agriculture Deallet No. 6 of 
1920. 

.1. Chelvanvnga Raju 
tiarii. Deputy Director 
of Agriv'nlturc, IV 
Circle, .Madras. 

Ditto. 

13 

Note on Tapioca Cultivation. 
Madra.s llepartment of Agri¬ 
culture Leaflet No. 7 of 1920. 

JVI. Govinda Kidavu, 
Assistant Director of 
Agriculture, VII Circle, 
Madras, 

Ditto. 

14 

How to increase jiroduction of 
Crops. Madras IVpartment 
of Agriculture Is'adet No. 9 
of ]!t20. 

1). Balkrishna Murthi 
Guru, Acting Deputy 
liirector of Agrieul- 
tiire, I Circle, Madras. 

Ditto. 

’ 15 

Season and Crop llejairt of 
Bengal for the year Uil9-20. 
Price 11. 1-0. 

Is.sucd hy tlie Depart¬ 
ment of Agriculture, 
Bengal. 

The Bengal Secretariat 
Book Dep6t, Calcutta. 

16 

Agricultural Statistics of Bengal 
tor 1918-19. Price R. 1-5 
or 2s. 8rf. 

IssiK-d by the Revenue 
llepartment of the 
Government of Bengal. 

Ditto. 

17 

Season and Crop Keport of 
Bihar and Ori.ssa for 1919- 
19201 Price R. 1-2-0. 

Issued by the Depart¬ 
ment of Agriculture, 
Bihar and Orissa. 

Bihar and Orissa 

Government Press, 

Patna. 

18 

Agricultural Statistics of Bihar 
and • Orissa for 1918-19. 
R-ico As. 14. 

, Ditto. 

Ditto. 

19 

Agricultural Calendar for 1920- 
21 (in Burmese). 

Issued by the Depart¬ 
ment of Agriculture, 
Burma. 

Government Printing, 

Burma, Rangoon. ° 

20 

Cultivation of Potatoes, 

Burma Cultivator's I..eaflet 
No. 63. (in Romanised 
Kachin). 

F. Clerls, Assistant 
Suporintendont, Htaw- 
gaw. 

Ditto. 

21 

Seed Storage. Burma Culti¬ 
vator’s Leaflet No. 64. 

E. Thompstone, B. so.. 
Deputy Director of 
Agriculture, Northern 
Circle, Burma. 

Ditto. 

c 

.22 

% 

Cultivation of “ Pesingtm ” 
(Cajatma indima), Burma 
Cultivatoft Leaflet No. 65. 

« 

Ditto. .. 

Ditto. 







LIST 07 AQBIOTTLTDBAL ^UBLIOAfzONS 

, » ^ 

LIST OF AQRICDLTUBAL FOBLICATIONS-cob/S. 


No. 

1 

Title 

Author 

j Where published 


Oeneml Agriculture--coriUi. 


23 

(a) MinutoRof a Conferonec ofj 
(ifficers of the Irrigation, Co- 
op»‘ralive and Agricultural 
llopartmoXts held at Maymyo 
oi» the 16th April, 1020. 

•Issued by the ft part- 
ment of Agritoiltvre, 
Burma. 

1 

government l^nting, 

Burma, Rangoon. 


(6) Sub-committoe‘s Rcjiort on 
Water Measuring Experi¬ 
ments. 

1 


24 

ilinutcs of an Agricultural Con¬ 
ference held at Maymyo on 
the 17th April, 1920. 

Ditto. 

Ditto. 

25 

1 

Minutes of an Agricultural Con¬ 
ference held at Maymyo on 
the 19th April, 1920. 

Ditto. .. ! 

Ditto. 

26 

The Agricultural and Co-opera- 
tire dazrtle (Monthly) from 
February to .luly 1920. 
Price As. 2 per copy. 

Issued by the Depart¬ 
ment of Agriculture, 
Central Provinces. 

Siiolam Press, Nagpur. 

27 

Report of the Department of 
Agricullnre, Assam, for the 
year ending 31st March, 1920. 

Issued by (he Dei>art. 
ment ol Agriculture, 
Assam. 

Assam Secretariat 

Printing Office, 

Shillong. 

28 

Tables of Agricultural .Statis¬ 
tics of Assam for the year 
1918-19. 

Ditto. 

Ditto. 

20 

Report of the Upi>er Shillong 
Agricultural Experiment Sta¬ 
tion for the year ending Hist 
March, 1920. 

Ditto. 

Ditto. 

30 

Report of the Kamrup Sugar¬ 
cane Exprtriment Station for 
the year ending Slat March, 
1920. 

Ditto. 

Ditto. 

31 

« 

Remrt of the JVpit Experiment 
Station, Shillong, for the 
year ending Slat March, 1920. 

Ditto. 

Ditto. 

32 

•» 

Report of the Karimganj Agri¬ 
cultural Experiment Station 
for the year ending the 31st 
March, 1020. 

Ditto. 

Ditto, 

33 

Report of the Jorhat Agricul¬ 
tural Exiwriment Station for 
the year ending Slat March, 
10»). 

Ditto. 

Ditto. 

1 

’ 34 

Cultivation of *diU or pulses 
in thp Assam Valley. Assam 
Department of Agrioulture 
Leaflet No. 1 of 1920. 

Ditto. 

Ditto. 







A€flBICULTURAL JOURNAL OF INDIA [XV, VI* 


MST OF AGl^CULTURAL PUBLICATIONS— 


No. 

Title 

Author 

w 

Wlieie published 


General Agriculture —oonold. 


3d 

Cultivation of dais or pulises 
in the Sarnia Wley. Assam 
Department of Agricuituro 
Leaflet No. 2 of 1920. 

Issued by the Depart¬ 
ment o! Agriculture, 
Assam. 

Assam Secretariat 

Printing Office, 

Shillong. 

ae 

Season and Crop Report of 
A.ssam fur the year ending 
the Slst March, 1920. Price 
As. 8. 

Ditto. .. 

Ditto. 

37 

The Journal oj the Madras Agri- 
cultural tiludenlH Union 

(Monthly). Annual subs¬ 

cription Its. 2. 

Madra.s Agricultural 

Students’ Union. 

Literary Suii • Press. 
Coimbatoa'. 

38 

Quarterly Journal of the Indian 
Tea Association. Price As. 0 
per cojiy. 

Scientilic Department 
of the Indian Tea 
Association, Calcutta. 

Catholic Orjihan Press, 
Calcutta. 

39 

The Journal of Dairying and 
Dairy Farming in India 
(Quarterly). Subscription 

Ks. 5 x>er annum including 
membership. 

Published by the Indian 
Committee of the 
Dairy Education Asso¬ 
ciation, Quetta. 

Messrs. Tliacker, Spink A 
Co., Calcutta. 

40 

1 

Journal of the Mysore Agri¬ 
cultural and A'jcperim^d 
Union (Quarterly). Annual 
subscription Rs. 3. 

Mysore Agricultural 

Experimental Union. 

Bangalore Press, 

Bangalore. 

41 

' Poona Agricultural College 
Magazine (Quarterly). Annual 
subscription Us. 2. 

College Magazine Com¬ 
mittee, Poona. 

> 

Arya Bhusban Press, 
Poona. 



BOTANY 


42 

The Cultivation of Oranges 
and* alli<!d Fruits in the 
Bombay Presidency. , 
Bombay Department of Agri¬ 
culture Bulletin No. 95. 
Price As. 2}. 

H. P. Paranjpe, b. *., 
Assistant Ik'.uuomic 
’Botanist, Poona. 

Yeravda Prison Press, 
Poona. 


MYCOLOGY 

» 

43 

Budrot of Palmyra and Coconut 
Palms in Godavari and Kistna, 
Districts. Madras Department 
of Agricuituro Leaflet No. 

8 of 1920. 

Bhogappaya Bastri. 

1 Goveniment Press, 

1 Madras. 

1 

i ' • 

1 


ENTOMOLOGY 


4t 

The Rice Leaf Hoppers (Nepho- 
tettix hipuncttttns, Fabr. and 
Nephotettix apicalir, Motsch.). 
Memoirs of the Itepartment 
of Agriculture in India, Ento¬ 
mological Series, Vol. V, 
Ncu 6. Price R. 1-8-0 or 'is. 

C. S. Misra, B.A., First 
Assistant to the Inijie- 
rial Entomologist, 

Pusa. 

Messrs. I'hacker, Spink h. 

Vo., Calcutta. 

■-» 








LIST OF AORICBLTDBAL.PUBLIOAtaONS 
LIST OF AGRICULTURAL 'pUBLICATIONS-conIS. 


No. 


Title 


Author 


Where published 


ErUomohgjf —conoid. 

• 

4J LanUina Insects in India. i Rau Sahib Y. Rama- 
Being the Report oi un cbandra Kao, M.a., 

lu 4 Uiry Ibto the cdicioucy oi r.K.s., Entomological 

I ijidigeuous Insect i’ests as Assistant, Madras. 

I a check un the spread of 

! Lantana in India. Memoks. 

i of the Department of Agri- '■ 

\ culture in India, Entomolo¬ 

gical Series, Vol. V, hio. (i. 

' • I’rice Ks. l!-4 or 4<. (id. 

46 'i (o) New Indian Midges {Dip- E. K. Felt, State Ento- j Ditto. 

' /cm). Memoirs of the mologist of New York, ■ 

Department of Agriculture ' U. S. A. 

! in India, Eulomolugical 

I Scries, Vol. Vll, No. 1. ! 

i (6) Description of a Rhino- ! Major F. C. Fraser, i.m.s. ■ Ditto. 

{ cyphiue larva from Shillong. 

; Momuits of the Department ' 

I of Agriculture in India, 

! Entomological Scries, ' , 

Vol. Vll, No. 2. I'rioe As. 12 

or Is. 6d. (for both numbers , | 

bound together). ^ > 

47 The Sugarcane Borer and its Ramrao S. Kasargodc, Yoravda Prisou Press, 

Control. Bombay Depart- n. ag.. Assistant Pro- Poona, 

meut of Agriculture BuUetiu fessor of Entomology, 

No. 64. Price As. 4-3. Agricultural College, 

Pot na. 


BACTERIOLOGY 

48 ' Studies on the Root Nodule N. V. Joshi, B..A., M.sc., Messrs. Thacker, Spink & 
Organism of the Leguminous ^ Lag., 1st Assistant Co., Calcutta. 

Plants. Memoirs of the | to the Imperial Agri- 
I Dei>artment of Agriculture . cultural Bacteriolo- 
iu India, Bacteriological I gist. 

Scries, Vol. I^ No. 6. Pnee i 
R. 1-4 or 2«. ad. \ 


! Messrs. Thacker, Spink A 
Co., Calcutta. 


I 














A&aiCULTUSAL JOURNAL OF INDIA [XV, ^ 


LIST OF AQillCULTDRAL TUBLICATIONS-mbcU. 


No. 

Titlo 

Author 

• 

Where published 


Vekrimry —conclJ. 


6‘l 

A Note oti the Treat ment ol 
Surra in Caiifrls by Intra¬ 
venous InjeeUons o{ Tartar 
Emetic. I’uaa Agricultural 
Uesearcli Institute Bulletin 
No. !)5. Price As. 2. 

H. E. Cr(j.ss, M.E.o.v.g., 
D.V.H., A.sc., Camel 
Specialist, Sohawo, 
Punjab. 

Government Prints 

India, Calcutta. 

51 

Annual ,4<lministration licport 
of the Bombay Veterinary 
College nnit fivil Veterinary 
Departinent in the Bombay 
Presidency (including Sinil) 
1!I18-1!I. I’rice As. li or iW. 

Issued by the Bombay 
(iovenrment in the 
Geireral Deparinrenl. 

Government Cent 

Press, Boudiay. 

• 

52 

Ammal Uoport of t)H‘ TUil 
Vetpriimrv Dopartincnt, 

Uilmr aiuH^rissa, for 1910-20. 

Issued by the Deiiart- 
meirt of .'\grieull ure, 
Bihar and' Orissa. 

Government Pres 
Bihar and tiri.s.- 

J’atna. 

SI! 

Annual Keport of the Camel 
SiK-ciali.st f(]r the years 
IHIT IS ami HIIH III (in orre 
volume). Price A.S. 2. 

Issued by th(- De)«H't- 
menl of Agriculture. 
I'lirrjab, 

Government I’riuti, 

Punjab, Lahore. 

54 

Report of the Civil Veterinary 
Department, Assam, for the 
year 10i!l'2t). Price As. 8 
or la. 

Issueil by the Depart¬ 
ment ol .5gricu!tui'e, 
Assanr. 

AssHtn Sf'cr(‘tari; 

Sliillon 

66 

Stati.sties compiled by the 
Government of Inilia fronr 
the Report of the I’roviircial 
Veterinary Departments for 
the year 1918-19. 

Issued by the Guverti- 
ment ol India in the 
Keveitue and Agricul¬ 
ture Deparlnrent. 

(iovurnmont^ Mimoty' 
ProsK, Simla. 





PUBLICATIONS OF THE IMPERIAL DEPARTMENT OF 
AGRICULTURE IN INDIA 


TO Bl HAD FROM 

Thb OmoB or the AoRiootTORAL Adviser to the Goverkuent or India, Posa, Bihar, 

and from the followinff Agentt 


(1) THACKER, SPINK A CO.. Calcdtta. 

(2) W.-NBWMAN * CO.. CAtcOTTA. 

Rai M. C. SARKAR BAHADUR A 

SONS. Calcutta. 

(4) HIGGINBOTHAMS, LTD,. Madras. 
'(5) THOMPSON A CO., Madras. 

(6) D. B. TARAPOKEVALA, SONS A 
CO., Bombay. 


(7) THACKER A CO.. LTD., BoiAav. 

(8) SUNDER PANDURANO, Bombay. 

(9) Rai Sahib M. GULAB SINGH A 

SONS, La HOKE. 

(10) MANAGER, EDUCATIONAL BOOK 

DEPOT, Nagpdr. 


A complete list of the publtcatioaa of the Imperial Department of 
Agriculture in India can be obtained on application fi*om the 
Agricultural Adviser to the Qovernment of India, Pusa, Bihar, or 
from any of the above-mentioned Agents., 

These publications are 

1. The Agrinillural Journal of India, A Journa dealing with subjects connected with 
afrrioultnral eoonomios. field and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrination, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agriciiltiiial cattle, farm implements, and other agricultural matters 
in India. Illustrations, including coloured plates, form a prominent feature of the Journal. 
It is edited by the Agricultural Adviser to the Government of India, and is issued once 
every two months or six times a year. Annual Subscription, Rs. 6 or 9s. 6d., including 
postage. Mingle copy, R. 1-8 or 2s. 

2. Boientific Reports of the Agricultural Research Institute, Pusa (including the Report of 
the Imperial Cotton Specialist). 

3. Annual Report on the Progress of Agriculture in India. • 

4. Proceedings of the Board of Agriculture in Indio. 

5. Proceedings of Sectional Meetings of the Board of Agriculture. 

9, Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series. 

(b) Chemicat SeriM. 

(o) RntomologioaT Series. 

• (d) Racteriologioal Series. 

(e| Veterinary Scries. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. Books. 

e 

The following are the publications of the la.st two years:— 

Soientifio Reports of the Agricultural Research Institute and College, Pusa (including the 
Report of the Imperial Cotton Specialist), for the year 1917-18. Price. R. 1-4 or 2(. 

Soientifio Reports of the Agricultural Kesearch Institute, Pusa (including the Report of the 
Imperial Cotton Speoialistl. for the year 1918-19. Price, R. 1-4 or 2s. 
port on the Progress of Agriculture in India for the year 1917-18. Price, R. 1-8 or 2s. Sd. 
,iport on the Progress olAgrioulture in India for the year 1918-19. Price, K. 1-8 or 2s. 3d. 

Prooeedinm of the Board of Agriculturo in India, held at Puta on the )at December, 1919, and 
following days (with Appendices). Price, As. 12 or Is. 3d. 

Proceedings of ^he Second Meeting of Myoological Worinrs in India, held at ^uea on thg 
20th February, 1919, and following days. Price, As. 11 or Is. 

Proooedinga of the First Meeting of AgriDi>ltH''eL Chemists and Bacteriologists, held at Bi. a 
on 24th February, 1919, and the following days. Price, B. 1 or Is. fid. 



AaRll:ULTURAL PUBLICATiONS^(7i/no^.) 

Prooeedirn of the First Meetit.g of Veterinary Offioera in India, held at Lahore Sn 
24th Maroh, IfftQ, and following days (with Appendices). Price, Am. 8 or 9<f. 

Proceedings of the Third Entomological Meeting, held at Pusa in February 1919. (In 

pfMt.) 


MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INOI/ 


BOTANICAL SERIES 


Vol. 

X. 

No. 

I. 

Vol. 

X. 

No. 

II. 

Vol. 

X, 

No. 

III. 

Vol. 

X. 

No. 

IV. 

Vol. 

X. 

No. 

V. 

Vol. 

X. 

No. 

VI. 

Vol. 

XI. 

No. 

I. 

Vol. 

XI. 

No. 

II. 


The Rice Worm (Tylmehut angiutui) and its Gontrol, by E. J. Bur: 
M.B., r.L.8. Price, R. 1-4 or 2». 

Studies in Indian Sugarcanes, No. 4. Tillering or Underground Bra 
ing, by O. A. Bakhbr, c.i.b., sc.D., r.L.B. Price, R. 4-4 or 7s,. 
Studies in Indian Sugarranes, No. 5. On testing the suitability of su 
cane varieties for different localities, by a system of measuremc 
Periodicity in the growth of the sugarcane, by C. A. BaasBR, 0. 
Sc D.. F.U8. Price, It. 1-12 or 31». 

A Pythium Pisease of Ginger, Tobacco and Papaya, by L. S. SuBHX 
N1AM. Price, R. 1-8 or 2». 6d. 

Studies in the Pollination of Indian Orops, I. by A. Howard, Oabri: 

L. C. HowakI), and Akddr Rahman khan. Price. 11. 1-4 or 2*. <k 
"Kumpta” Cotton and its Improvement, by O. L. KoTTttR, B. 
Price, R. 1 12 or 3». 

Some Aspects of the Indigo Industry in Bihar, Fart I. The t 
Pisease of Indigo. Part II. The factors underlying the seed prot 
tion and growth of Java Indigo, by Albkrt Howard, o.I.K., m.a., 
Gabrikble L. C. Howard, m.a., with the assistance of Chowdu 
RAMDHANS iNOHand MadlviAbdur Rahman Khan. Price. R.I-2c 
Studies in diseases of tho Jute Plant. (I) DiptocUa Oorehori, Syd 
F. J. F. Shaw, d.sc., a.r.u.8., f.l.8. (In (he pret$.) , 


CHEMICAL SERIES 

Vol. V, No. IV. Cbolam (A. Soryhum) as a Substitute for Barley in Malting Operations. 

B. ViaWANATH. T. LAK8BMANA ROW, B.A., and P. A. RaOHUNA' 
8WAMI Ayyangar. Dip. Ag. Price, As. 12 or Is. 

Vol. V, No. V. The Phosphate Requirements of some Lower Burma Paddy Soils, 
F. J. Warth, m.Bc., B.80., and Macno Po SHIN. Price, B. 1-12 or 8s 
Vol. V, No. VI. Absorption of Lime by Soils, by F. J. Warth, H.Bc., B.bo., and Ma 
Po Saw. Price, R. 1-2 or 2s. 

Vol. V. Nos. VII A VIH. The Gases of Swamp Rice Soils, V-A Methane-ozidf 
Bacterium from Bice Soils, by P. A. Sdbrabmanya Ayyar, b.a. ; 
Tiie Gases of Swamp Rice Soils, VI—Carbon Dioxide and Hydrogc 
relation to Rice Soils, by W. H. Habribon, d.Bc. (In th* press.) 

Vol. V, No. IX. The Retention of Soluble Phosphates in Oaloareoiis and Non-oaloar 
Soils, by W. H. Harruon, o.sc., and Sorbmdra Lal Dabs i 
(In the preee.) 


ENTOMOLOGICAL SERIES 

Vol. V, No. V. The Rice Leaf-hoppers (NephoMti* hifmnelatue, Fabr. and NephM 
aptealii, Motscb.), by C. S. MiBRA, B.a. Price, R. 1-7 or Ss. 

Vol. V, No. VI. Zantana Insects in India. Being the Report of an Inquiry into the 
cienoy of Indigenous Insect Pests as a Check on ethe Spree 
Lantana in India, by Rao SaBIB Y. BahacUaMDBA Bao, H.A., t 
Pries, B. ^4 or 4s. 6d 

Vol. VI, Noe. I—IX. Life-histories of Indian Insects: Microlepidoptera, by T. BairbR 
FLBTCBBIt. R.N.. F.1,.8.. r.B.B., F.E.B. (/H <*« pTSW.) • 

VoL Vn, Nos. 1A2. New Indian Gall Midges (Di^era), by B. P. F 111 .X, >ad Deeori; 

a Bbinooypbine larva from Shillong, by Major F. 0. Frabbr, i 
• Price, Ar 12 or Is. Od. 



BACTBRiOL0OICAL •BRIBS 

Vol. * I, No. VIII. Pebrine in India, by 0. M. Hi7]:pHiifsoir#;.A. (In prm.) , 

I^i. I, No. IX. ‘Studio* on the Root Nodule Orennism of the tiotrn'minous Plants, by 
N. V. JosBl, U.80., B.A., ihAg. Prioo, B. 1 -i or 2*. ^d. 


VBTBRINARY SERIES 

Vol. Ill, No. I. The Vitality of the Rinderpest Virus outside the Animat Body under 
Natural Conditions, by A. W. SfitlLSTOn, M.r.c.v.b. Price, As. 12 or 1*. 
Vol. Ill, No. II. pThe Virolenoe of Tubercle Bacilli isolated from Bovine Lesions in India, 
by A. L. .Sheather. B.8c„ m.R c.V.s. {Tn Ihe prm.) 

Vol. Ill, No. in. Bovine Lymphan^ritis, by A. L. SaSAT»ER, B.sc., M.R.C.V.S. (In the 
prete.) 


BULLETINS ISSUED BY THE AQRICULTURAL RESEARCH 
INSTITUTE, PUSA 


]»o. 83. 


No. 84. 


No. 85. 
No. 86. 

No. 87. 

No. 88. 


No. 89. 
No. 60. 

No. 91. 

No. 92. 

No. 9.1 

No. 94. 


Proeres* of the Sugarcane Industry in India during the Year* 1916 and 1917. Being 
Notes submitted to the Meeting of the Board of Agriculture in India, Poona, 1917. 
Edited, with an Introduction, by 0. A. Babber, o.i.r., bc.d., F.t>.B. Price, As. 5 
or 6d. 

The Best Means of Rapidly Increasing the Outturns of Pood Crops by Methode 
within the Power of the Agricultural Department. Being Notes submitted to the 
Meeting of the Board of Agriculture in India, Poona, 1917. Edit^, with an 
Introduction, by J. MackrnNa, c.i.e., I.C.8. Price, As. 4 or 5d. 

Soil Drainage, by R. O. Alban, m.a. Price, As. 4 or 5d. 

A New Nematode causing Parasitic Gastritis in Calves, by A. L. SHEATHER, B.8c., 
M.K.C.V.8. Price, As. 4 or 5d. 

A Contribution to our Knowledge of South Indian TJoccldaB, by T. V. RamakribHNA 
*AYYAR. B.A., F.E8., F.Z.8, Price, As. 14 or 1*. M. 


Cawnpore-Amarican Cotton: An Account of Experiments in its Improvement by 
Pure Line Selection and of Field Trials, 1913-1917, by B. 0. BuET, B.8o., and 
NiZaMI'DDIN Haider. Price, As. 10 or Is, 

Second Hundred Notes on Indian Insects. Price, R. 1-4 or 2c. 

A Malarial Parasite in the Blood of a Buffalo, by A. L, Sheather, b.sc., M r.c.V.8. 
Price, As. 6 or 7d. 

Notes on Practical Salt Land Reclamation, by G, S. Henderson, n.d.a., N.D.D. 
■ Price, As. 6. 

SyngamuB laryngeus in Cattle and Buffaloes in India, by A. Leslie SHEATHER, B.Sc,, 
M.R.c.v.N.. and A. W. Shilston, m.r.c.v.s. Price, At. 6. 

The Orange ; A Trial of Stocks at Peshawar, by \V. Kobertson Brown. Price, 
As. 6 • 

A Preliminary Note on the Behaviour in North India of the first batch of Sugarcane 
Seedlings distributed from the Sugarcane-breeding Station, Coimbatore, by T. S. 
VknKATRaMAN, B.A. Price. As. 8. 


No. 96. A Note »n the Treiatmeut of Surra in Camels by Intr.ivcnoiis Injections of Tartar 
Emetic, by H. E. Cross, m.r.o.vs., d.v.h,, a.sc. Price. As. 2. 

No. 96. A Summary of Bhcperiments on Rice in Bihar and Orissa from 1912 to 1919, by G. C. 
Sherrard, B.A. (In the press.) 

No. 9h Ustitago Vrameri, Koern. on Sstaria Ualiea, by S. Sdnderakaman, m.a. (In the 
press.) 

No. 98. The Course that Surra run* in Camels when Naturally Contracted and when Artifi¬ 
cially Inoculated, by H. E. Cross, M.K.c.y.s,, d.v.h., a.sc. (In the press.) 

No. W. The Course that Camel Surra runs in Ponies, Buffaloes and other Animals, by 
H. E. CRoes, H.R.O.V.S., d.v.h., a.sc. (In the press.) 


INDiaO PUBLICATIONS 


No.1. A Study* of the Indigo Soils of Bihar. The Urgept Necessity for Immediate Phos- 
• pbato Mannrine if Grope are to be Maintained, by W. A. ITatis, 

A.O.B.I. Price, 8.1-4 or 2*. . ’ 



IKOIQO PUBLICATIONS {Oondd.) 

No. 2. Patent Position and Future Proiapeotg of the Nataral Indigo Industry, by A. 

Datib, B.SO., A.O.0.1. Price, At. 10 or It. • 

Ko. 3. The Loss of Indigo caused by Bad Settling and the means of obviating this. 

The use of Dhak (lum—its Effect on Yield and Quality, by 'W. .A. Davis, b.8o« 

A. o. 0 , 1 . Price, As. i or 6d. 

No. 4. The Future Prospects of the Natural Indigo Industry ; The Effect of Siiperphos- 
, phate Manuring on the Yield and Quality of the Indigo Plant, by W. A. Davis, 

B. Sc., A,0.a.I. Price, As. 4 or Bd. 

No. 5. An Improved Method of preparing Indican from Indigo-yielding Plants, by Bbaicslo 
M. Amin, ii.a. Price, As. 3 or 3d. 

No. 6, The Effect of Manuring with Superphosphate and Sannai on the Yield of Crops on 
Indigo Planters’ Estates in Bihar—especially of Rabi Crops in the Season 1918- 
1919, by W. A. Davis, b.80., a.C.O.I. Price, As. 6. 

No. 7. The Conditions affecting the Quality of the Java Indigo Plant (Leaf yield and richness 
of the leaf in indigotin), by W. A. Davis, b.sc., a-c.o.i. (/n Ms prm.) 


BOOKS 

“Indian Insect Festa," byH. MAXWElx-LEraor, m.a„ r.B.e., f.z.s. Price, R. 1-8 or3«. 
iOM of print.) 

“Indian Insect Life," by H. Maxwbll-Lbkkov. m.a., F.B.B., P.z.8.; and F. M. Howlett, 
B.A. 786 pp. Price, R. 20 or 3i)s. (Out o/print.) 

“Wheat in India,” by Albert Howakp, m.a., a.r.o.b., f.l.8, ; and Oakhiei.u L. 
Bowarp. m.a. 2H8 pp. Price, R.» or it. 6d. 

“ A Description of the Imperial Bacteriological Laboratory, Muktesar: Its Work and 
Products," hy Mainr .1. D, R. Hoi.mer, m.a.. P.Bc.. M.R.t!.V.8. Price, As. 8 or 9/i. 

“ Agriculture in India.” by Jamks Mackenna. M.a.. l.c.8. Pnoe, As. 4 or .Id. 

“ Homs Diseases of Cattle in India. A Handbook for Htock-owners.” Price. As. 8 or 9d. 
“The Importance of Bacterial Action in Indigo Manufacture,” by C. M. Hdtchinson, r.a. 
Price, As. 2 or 3d. 

“ Report of the Proceedings of the Second Entomological Meeting, held at Piisa on the 
5th-12tb February, 1917.” Price. R. 3. 


Report of the Indian Cotton Committee. Vol, I, Report; Voi. II, Maps and Plans. Price, 
HU 1 per volume. (Superintendent. Government Printing India. Calcutta.) 

Minutes and evidence taken before the Indian Cotton Committne : — 

V61. I. Agriculture, Part 1 (United Provinces, Cential Provinors, Burma, North-West 
Frontier Province. Punjab and Sind). Price, Ra. 2 As. 6. 

Vol. II. Agriculture, Part II (Bombsy, Madi-ss, Bengal, Bihar and Orissa, Imperial 
Oliioers, Central India, Baroda. Hyderabad and Mysme). Price, Rs 2 As. 1.3. 

Vol. III. Irrigation (United Provinces. Central Provinces, North-West Frontier Province, 
Bengal and Sind). Price, K. 1 As. 12. 

Vol. IV. Commercial, Part I (United Provinces, Central Provinces, Burma, Punjab, Sind 
and Bombay). Price, Rs. 2 As. 2. 

VoL V. .Commercial. Part U (.Vlad ras, Bengal, Imperipl Officers, Central India, Baroda 
and Hyderabad), Price, R. 1 As. 12. 
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Pusa Pedigree Hlerds 

• MONTGOMERY'’ 

*AND ' 

AYR-SHIRE-MONTGOMERY 
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Ayrshire'Montgomery Cow ALIBI 7 000 Ib in 10 months' l&ciation period with 2rtd calf 

Sales of Surplus Stock 

Including 

BULLS, BULj:„ CALVES, COWS AND HEIFERS 

* Win BE HELD HWICE c4HNUc4LLY 
VSU<ALLY IN g^OVEMBER c4ND iMc/lRCfY 

PUSA STOCK CHOSEN AND EXPORTED TO FORElG^i^ODNTRIES 

_ X 

For coithgaes and alt delaVa ap-y 

Imperial Agriculturist Pusa, Bihar, 
North /ndia 

Station: Pysa Road^** N.-W.Ry., 6 miles 
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AOTKBTUBMIin' 


ASHFORD’S 


PATENT 


TUBE WELL STRAINER 




For IRRIGATION and WATER SUPPLY. 

Boring:,and Casing Tubes. Steel Water Mains. 
A- Suction and Delivery Pipes. * 

PRICES AND PARTICULARS ON APPLICATION TO 

STEWARTS AND LLOYDS, Ltd,, 


8, Clive Street, 
CALCUTTA. 


(Incorporated in Ocotland) 357, Fort Street, 

BOMBAY. 









